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HUAAAN IMMUNOGLOBUUNS PRODUCED BY RECOMBINANT ONA TECHNIQUES 



- . i» FtELD OF THE INVENTION 

5 . The present invention relates to novel methods employing recombinant DNA techniques to provide 
human Immunoglobulin molecules.which immunoglobulins may find use in treating or diagnosing disease. 

IL BACKGROUND OF THE INVENTION 

10 

Monoclonal antibodies have revolutionized the diagnosis of many diseases and hold great pronnise to 
do the same for the treatment and prevention of disease. To be safely administered repeatedly, to humans, 
a therapeutic agent . must be able to, escape recognition as foreign by the human immune system. 

IS Monoclonal antibodies of non-human species, such as mouse or rat, niay. stimulate vigorous immune 
responses that neutralize tl^e .therapeutip. pr^prophy lactic effect of the antibodies,, or may jigger .harmful 
anaphylactic or allergic reactions.' Human Im^murioglobuH on the other hand, are not'as likely to elicit 
such responses and should persist longer^ in circulation than would immunoglobulins of ,non-hu(nan spedes. 
Also, human antibodies may jnteract^more^e^ than non-human antibodies with humem effector celts. 

20 While a number^of monoclonai, antibodies have been made to therapeutically important antigenic 
targets, unfortunately ;the vast, m^^^ these antibodies are non-human, usually murine. Cell lines which 

secrete human monoclonaL.,antibodles w^^^ antigenic specificities are largely unavailable. The 

generation of human mqnoclonarantibodle^^^ been hampered by several factors which include, among 
others, an inabiljly:.to. immunize.^^ antigens of interest due to ethical considerations, a low 

25 frequency of hybrid formation between human' cells, and a low frequency of viral transformation of human 
cells. Thus, despite tha large number^o^^ lines which produce monoclonal antibodies to a wide 

variety, ojp antigens, in most instances, the ^comparable human cell lines have not been produced. 

Jwhen^stebte antibodies to desired therapeutic targets have 

been isolated, additional probferns^^h^^^^ their Isolation and eventual use of the antibody as a 

30 therapeutic product For instance, human cell lines generally produce low quantities of antibody when 
cultured Tn vitro , 'i to 10 ug/m I. compared T6"*fro7n^&^ to 100 ug7mrproducecl~ By 'mouse hySriilomas in 
culture. Human cell lines are r-poor ^prpducere^of^ ascites animals, 
whereas mouse ascites fluid is a convenient source oif large quantities of murine^ antibodies. Another 
problem arises when the monoclonal antibody-producing cells have been transformed with a virus, a 

35 convenient laboratory technique: used^to immortalizecellrlines which t produce human monoclonal: antibodies.. 
The transformed ^cells* may continuer.tovharbon 'the 'viral genome or * shed ^virus into culture supematants, 
requiring additiorial laborious purification and/or sterillzatibm procedures before they can be administered to 
• •humansr^-'* - ^ " .lj . '■uC . ro* . I'^rn tor- itr.'.r -^r- .: • • ; . -'o-non • * ... 

It has also been discovered' that virally^ transformed. lymphoblastoid- cells more ' frequently produce 

40 antibodies of the IgM class; whereas- antibodies bf the IgG" class are often preferred -for therapeutic use. 
This preference for IgQ antibodies exists -because" researchers' general ly/^ have had more experience in 
formulating IgG antibodies for therapeutics and because IgG antibodies, but not IgM, pass across the 
placenta from mother to fetus, thus promoting immunity of newboms to infection. However, in certain . . 
instances, an IgM antibody may be preferred, for example, when a particular antigenic determinant or . - 

45 epitope with which the antibody is reactive is scarce on the surface of an antigen such as one located on a 
bacterial cell. In such cases, an IgM antibody, being pentameric, and therefore better able to "bridge" • 
scarce epitopes, may bind with increased avidity and thereby be able to fix complement more efficientiy 
and more effectively promote killing of the bacterial cell. 

Investigators have resorted to recombinant DNA techniques to circumvent the limited repertoire of 

so human monoclonal antibodies to the desired antigens. Since the antigen binding specificity of an antibody ** 
molecule is encoded in its variable region domains (Fv). genes which code for murine heavy and light chain - 
variable regions (Vh and Vl. respectively) of an antibody of a preselected speclticlty have been combined 
with genes which code for human immunoglobulin heavy and light chain constant regions (Ch and Cl. 
respectively). This procedure generates '^chimeric" mouse/human genes, which then produce a chimeric 
mouse-human antibody. The chimeric antibody has the antigen binding specificity of Uie murine antibody 
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and possesses the biological effector functions of the human constant region. Although these chimeric 
antibodies are partially human in composition, and hence should be less immunogenic when administered 
to humans, the potential still exists for undesirable immunological reactions to the mouse V regions, 
especially during periods of prolonged or repealed administration. Ideally, it would be desirable to 

5 administer human antibodies of the desired specificity and isotype which are non-chimeric, i.e., are totally 
human immunoglobulin molecules, and thus less likely to evoke undesirable effects. 

What is needed in the art are methods for the efficient and convenient production of human 
immunoglobulin molecules of a desired antigen binding specijficity and Isotype. The methods* should be 
able to take advantage of the library of antigen binding specificities of human monoclonal antilaodies which 

10 have been produced by conventional means. For aritibodies which are secreted by ceils immortalized by 
viral transformaiion. It would be desirable to produce the antibodies or the variable regioris Hiereof apart 
from the entire transformed cells. The methods should also be capable of producing a functional antibody of 
a certain class or subclass or possessing ottier desired characteristics of the antibody effector (constant) 
region. Quite surprisingly, the present invention fulfiils tiiese and otiier related needs. 



IS 



III. SUMMARY OF THE INVENTION 

20 Methods are provided for producing a recombinant human Immunoglobulin in a eucaryotic host cell, 
which rnethods comprise transfecting into the host cell operably linked first and second genes which code 
for human heavy' chain variable and constant regions, respectively; The 'host cell is also transfected with 
operably linked genes coding for the variable and constant regions of a human light chain. The transfections 
into tiie host cell may occur simultaneously or sequentially. The transfected celMs cultured arid "recom- 

25 binant human Immunoglobulins, having variable regions of the desired binding specificity, are recovered 
ffom the cell culture. The transfected genes which code for tine heavy chain constant and "variable regions 
may be cloned from the same source, usually a coll line, or they may be cloned from different cell sources. 
In certain preferred embodiments, the genes coding for the. variable regions^ of the heavy and light chains 
are cloned fronri the same donor cell line, which . cell line typically wili already produce an Immunoglobulin 

30 . possessing a desired antigen binding specificity, such as ain inimortalized cell line producing monoclonal 
antibodies. The recombinant human immunogiobuiins produced by the methods of the inventidh may' be 
single heavy-light chain dimers, or the dinners niay be capable of forming disulfide bonds to other dimers. 
tiiereby 'fornnirig tetramers. or aggregates thereof: In preferred embodiments, the transfected cell may be 
mamnrialiaLn. such as human or murine, and nriay be a lymphocyte, including those selected from the group 

35 consisting of lymphoblastoid cells. B cells,' and plasmacytomas: Desirably, the recom^biriant huririan' im-" 
' munogiobuiin produced iiy "the transfected cell will be sulistantially free oi o\her hunrian protejns^^ * ' 

la another, aspect, of the invention, a metiiod is provided yfor swifc^^ 
Immunoglobulin from a first class to^a second class! 'TO method' cbmprts^^^ trarisfTOtihg into a e^ 
^host.ceil. a gene from the' dorior' cell coding for the variable 'region 'bf tKe imrnunoglobul^^^^ 

40 which gene Is operably linked to* a gene coding for the constant region of a heavy chain of the' desired class 
W' subclass. The host cell Is also tranisfected' with a gene' 'coding for the light chain variable region of the 
immunogiobulin. which gene is operably linked to a gene coding for a light chain constant region. Again, 
/transfections may be perfonned simultaneously or sequential [y. Tlie' H^ is then cultivated and 

recombinant human immunoglobulin having the characteristics^ of the second class recovered from' the 

45 nriediurn^ The first class may be IgM and the second class may be IgG. The genes coding- for the heavy 
chain variable and constant regions, as wel f as those coding for tfie light chain, may be operably linked In 
expression vectors, such as plasmids or bacteriophage. .-^ r 

In yet ^ahother aspect of the inventioh, compositions of recombinant human immunoglobulin molecules 
are provided. The imniunoglobullns may comprise heavy-light chain pairs.- which 'pairs may be capable of 

so fonnriing disulfide bonds to other pairs, thereby forming tetramers 6r aggregates thereof. The recombinant 
Inimurioglobulin may be comprised of a heavy chain where the variable and constant regioris riiay or may 
not be coded for by genes cloned from'tiie sanhe'donor cell. The- variable regions of th'e heavy "and light 
chains of the composition may be coded for by genes cloned from the same or different donor cell and, 
further, the constant regions of tfiese chains need not necessarily be cloned from the same donor cell. 

S5 Desirably, the immunoglobulin composition will be capable of specifically binding to a preselected antigen, 
will possess effector functions, and may further be cornbined with pharniaceutically acceptable excipients 
for therapeutic or prophylactic adrhinistration ' to humans, such as in treating or preventing bacterial 
infections, as but one example. 
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The invention also contemplates recombinant human immunoglobulin molecules produced by the 
process of transfecting a eucaryotic host cell with operably linked genes coding for variable and constant 
regions of a human heavy chain, and with operably linked genes which code for a human light chain. The 
resulting transfected host cell is cultured and the recombinant human Immunoglobulin recovered from the 
5 culture medium. The transfection oiF the two sets of operably-linked genes may occur simultaneously or 
sequentially. The operably linked genes coding for the human heavy chain may' be cloned from the same or 
.different donor ceils, and the genes coding for the variable regions of the heavy and light chains may be 
cloned from the same or different donor cell line. Although the variable region genes for the heavy and light 
. chains may be obtained from different donor cell lines, in many instances the donor cell source will produce 
10 monoclonal antibodies which bind to the same antigen, \' ' * . ' ^ < - 

In another embodiment the invention comprises recombinant hunian immunogiobulihs produced by 
culturing a eucaryotic host cell line transfected with a DNA sequence coding for a human heavy chan 
and/or a DNA sequence coding for a human light chain, where the host cell line is capable of expressing 
the transfected sequences. In the instances where only one DNA sequence is used for transfection, the host 
75 cell line should be a plasmacytoma producing either a human light or heavy chain which is capable of 
forming heavy-light chain pairs with the molecule coded for by the transfected sequence. 

In yet another embodiment, the invention comprises DNA constructs for expressing recombinant human 
immunoglobulin light or heavy chains, which consti-ucts comprise a first DNA sequence for a human 
variable region polypeptide of one of the chains, and a second DNA sequence coding for a constant region 
20 polypeptide, which sequence is joined directly or through an intron in reading frame at its 5 end to the 3 
end of the first DNA sequence. In preferred embbdiments, the DNA constructs' will have trariscriptiqnal and 
translafionsU initiation arid iermlnafion regulatory .sequences recognized by a transfected eucjaryptic host 
. cell., which sequences are in] reguiatdry i^lationship ,witH the first and second DNA sequences encoding the 
. immunoglobulin molecules. . . ' \ 

25 . Also provided are eucaryotic cells producing recombinant h"uman immunoglobulin molecules. The cell 
lines may contain DNA constructs which comprise sequences that co'cle for human heavy chain variable and 
constant, region pqlypeptides,, wherein the sequence coding for the constant region is joined directly or 
through anjntron in reading frame at its s' end to the 3' end of the sequence coding, for the variable region. 
The cell lines will also have DNA' sequences which cd hurnan light chain Variable and coifistant region 
30 |9olypeptides. in certain' preferred embodiments, the DNA sequences coding for the heavy chain constant 
and, variable regions are cloned frorri different donor cell lines, and the DNA sequences coding for the 
-heavy and light chain variable regions are cloned from the same donor cell line. ' \ ^ , / ' 

In a related aspect of. the. invention, methods are provided for . Increasing the expression of DNA 
- sequences V vyhich code., for humeri heavy or. light chain imrriunoglobulin polypeptides in rViammalian 
35 - Jyrnphocytes.; A mammalian . lymphocyte, line , is, transfected with- a ^ DI^A^cpnstru^^ codes for the 

Immunoglobulin pplvfpeptide wherein the construct contains, a ^DNA seq^ence^cddlng rejgion 
of a mam maliari heavy' chain Jranscriptional en^^ ^ , ' . * ' " . - / T ^I.V - / 

. ,Jhe.. invention .also, encompass constructs for expressing jmrnundglpbulih ' pplype^^ in 

marnnrialian cells,^ wherein the construct contains a cytornegalovirus trahscriptiohal enhauicer sequence from 
40 the upstream regiori of the rnajor immediate' early '^genes of cyto Trie trianscriptional' enhancer 

sequence rriay iDe selected from.the group consisting of sequence for the erihancer of human, sinnian, or 
murine cytomegalovirus. In another aspect, the ON A construct rhay also contain a DNA sequence. cobing for 
a cytomegalovirus pronnoter sequence. The promoter sequence may *b~e selected from the group consisting 
of a sequerice for the promoter, of' human cytomegalovirus,... jSlrfiian^/cyto and. murine 

45 cytomegalovirus. . ' . / " ' [ ' f ' !' / ' 

An additional aspect discloses methods for enhancing the expression of DNA sequences which code for 
immunoglobulin polypeptides in a mammalian cell. A DNA construct which .codes for the imrnyno^^^ 
, polypeptide and contains a DNA sequence from the upstream^ region "of the immediate' early genes of 
cytornegalovirus coding for a >anscriptionaI enhancer is inserted into the mammaliah cell for expression. 
50 The enhancer sequence may be Inserted In a DNA construct either.upstream.of the variable region, in the 
, Intron between the variable and .constarit regions, or downstream of thj9 'constant region genes. The 
enhancer sequence may be^.^ selected frorn tiie group consisting of sequences for the enhancers, from 
.human, simian, or murine cytomegaloviruses. In preferred embodiments, the enhancer sequences are 
derived fronj the. human cytomegalovirus and the immunoglobulin^^ 

• ^- ' - .. • * % ' jci; ■ .1-. . • •.• 

. . IV. BRIEF DESCRIPTION OF THE FIGURES 
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Figure 1 a shows the construction of pG from pSV2-gpt and the construction of pUCG from pG and 
pUC18. Within each construct, the circular portion designates vectors before the addition of Immunoglobulin 
genes. Pofyllnker regions in each ptasmtd are expanded, but not all restriction sites in the polyiinker are 
shown. Where full restriction endonuclease names are not used, the following abbreviations apply: E is 
5 EcoR I; S is Sac I or Sst 1; Ba Is BamH 1; Bg is Bgl II; H is Hind III: and X is Xba.l. Amp' refers to the.gene 
, encoding ampictllin resistance and ORI refers to an origin. of replication derived from SV40. pUC18 or 
pBR322, as shown. Ecogpt refers to a gene derived from.E. coii conferring resistance to mycophenoltc acid 
in mammalian cells and neo refers to a gene derived . from , E.,,coH conferring resistance- to 
neomycin/kanamycin in bacteria and Q418 in mammalian . cells. The .outer arc with arrows shows the 
10 fragment used to construct .the next plasmid in the construction strategy and Inner arcs show direction of 
transcription. The approximate base pair number Is shown next to restriction sites and refers to the 5 most 
nucleotide in the recognition sequence. Within the plasmid circle,- thin, black lines are sequences derived 
from bacterial plasmids and thick black lines are sequences derived from SV40; stipled lines refer to -the 
selectable marker used in mammalian cells; and cross-hatched lines refer to enhancer sequences, if 
;s present These descriptions are also applicable to the Rgures which follow. 

Figure 1 b shows the construction of pUCG-MCSI from pICI 9R and pUCG. : ' 

Rgure 1c shows the construction of pUCG-MCSIl from pUCIS and pUCG-MGSI. In pUCQ-MCSI and 
♦ • pUCG-MCSII, and Xba I site shown in parentheses is only restricted in dam" bacteria, . v 

Figure Id shows the construction of pMHE from. pUCIS and pNSJHRI and the construction of pUCG- 
20 MCSII-MHE from pMHE ahd-pUCG-MCSII. For pN2JHRI. only the relevant region of, the. clone is. shown. In 
this Figure and in Rgures 1e, If. 13, 22 and 24a-c. the inner arc with arrow by the enhancer Indicates the 
orientation of the enhancer in its gene of- origin. .:f . • • : 

Figure 1e. shows the construction of pHCMV{e + p) from ,pUC CMV-IE and pEMBUS and the 
construction of pHCMVE from pHCMV(e+p) and plCl9R. ': « . - j;-. ; .. .. ^ / j , 

25 Figure 1f shows the construction of pUCG-MCSII-HCMVE from pUCQ-MCSifand pHCMVE. ^ 

Rgure 2a shows the construction. of the vector pN.1 from pSy2-neo. , •/ ^ • 

..... ■Rgure.2b shoyvs the .construction of the yector.pN,2 from pN.I, using Not I iinkers.-The asterisk at 
the Nde J/Not I site in this Rgure, and in Rgures 1 1 . 1 2. 17 and 1 8 iridicates that the original Nde I site was 
. .not necessarily reconstructed; during the process of creating the Not I site. - - - % 
30 . Rgure 3 shows th e , construction of P72 from Phage 5A and pUC18. Wavy lines at the ends of Phage . 
.5A refer to bacteriophage arrns, as do the wavy lines in Figures 16, 17, 18, 20a and 22., - 
Figure 4 shows the construction of PG72 from pG and P72. , .r - 

, Figure 5 shows the. construction of PN72 from pN.1»an.d pyS. The Intermediate. pN(-y2)2, contains two 
copies of the y2 BamH I fragment inserted in a head to tail configuration into pN.1. 
35 ^ Rgure 6 shows the construction of P7I.I from Phage 3A^and pUC1 8.. Wavy i£urms at the. end of the 
phage refer- tO| bacteriophage arms, .-v . - • , . A::. : * .ir -'-* t: .v-- ; • • ^ 

5^ Figure.T shows the construction of P7I.2 from P7I.I.-.PTI.2 lacks the approximately^ 4 kb of DNA 5 

of the coding region of the C7I gene present in P7I.I. r r i j t 

vRgure;8,shows the construction of P7I.3 from P7I.2 and plC19R by. digestion of P7I.2 yylth Hind III 
40 and BamHrK The asterisk at the Pstj site In this Figure and ln..Flgures 9-12 and,1.6-.18 marks.a Rst j.site in 
the C7I gene. that is not unique. ^. - v. - , . ... . 1 : . -1 - . • 

. - . Rgure 9 shows the. construction of P7I.4 from p7i.2 and plC19R.by digestion of pyl .2 with Hind III 

.-•and Pvu II; . . ' ; 0..- • > ^ r . . - \ X ■ . >: . r . ■. . • 

- - Rgure lO.shovys the construction of a C7I heavy chain ^cassette, PN7I.I, fromj,p7l.1 and pN.1,,jThe 
45 . Bgl II site in parentheses was deleted during cloning. ^ ^ ,0 . - ^^r 

> • Rgure.lt.shows the construction .of.anotherC7l heavy chain cassette, PN7 1.2, from P7I.3 and pN.2. 
.Rgure 12 shows the construction. of yet other C7.I heavy chain cassettes, pN7li ^and ;pN7l.4. fro 
P7I.4 and pN.2. PN7I.3 contains the C7I gene in opposite orientation to the neo .gene, while, PN7I.4 
..contains the C7I gene in the same orientation as the neo gene. .Both, cassettes are missing the switch 

50 region and membrane exon sequences. \ . : , - 

. .Rgure 13 shows the construction of pGEMCx from pUCG-MCSU-HCMVE and pCx. Cx is shovvn as 
aoJnsert ^^ .th^ EcoR I site of pCx.and pQElVICx. r. » - 

• figure 14 shows maps of^tho germline heavy chain J region and of the heavy chain variable region 
clones derived from cell lines 4B9 and 9D1. In the germline map, the J regions and exons of the. heavy 
55 chain^a constant region are shown as boxes filjed with diagonal and^ horizontal lines, respectively. pJh. the 
' probe used to detect the variable region genes., is shown as a thick solid black line below the J regions. In 
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the maps of the variable region genes derived from cell lines 4B9 and 901 , the approximate location of the 
L-VDJ genes is shown as an arrow pointing in the direction of transcription. For clone D1H, "either/or" and 
two arrows means that only one of the two indicated BamH 1 sites is present. 

Rgures 15a and 15b show the structures of pQ^S-AIH and pQ72-A2H, respectively. The y2 constant 
s region gene fs shown as an insert into the BamH I site of pQ; the variable region genes. A1H and A2H, are 
' shown as inserts into the Hind lll site of the constant region gene/Arrows above the ininlunoglobulin genes 
show the direction of transcription. In Figures 15a and 15b, two arrows indicate the EcoR I sites for 
' restriction of the construct prior to transfection. : ^ 

Rgure 16 shows the construction of a 4B9/y1 heavy chain gene vector or construct from phage A2H. 
10 which contains the variable region gene of 469, and pN'yI.I, which contains a C7I gene. The resulting 
construct was designated PN7IA2.I. The y^ constant region gene is shown as an insert into the BamH I 
site of pNyl.l (originally, pN.1, see Figure 10); the variable region gene, A2H, is shown as an Insert into the 
Hind ill site of the constant region gene. Arrows above the immunoglobulin genes show the direction of 
transcription and two arrows pointing toward the PN7IA2.I construct indicate the BamH I sites for restriction 
15 of the construct prior to transfection. 

Rgure 17 shows the construction of another 469/^1 heavy chain construct, pNy1A2.2; from phage 
A2H and pNy1.2. the 7I constant region gene Is shown as an Insert Into the BamH I and EcoR I sites of 
pN-y1.2 (originally, pN.2; see" Rgure 11); the variable region gene. A2H. Is shown as an Insert Into the Hind 
III site of the constant region gene. Arrows above the ^ immunoglobulin genes show the direction of 
20 transcription and arrows aft pNyiA2.2 indicate that the construct can' be restricted at EcoR I sites prior to 
transfection. ' ; • 

Rgure 18 shows the construction of still another 4B9/7I heavy chain construct, pNy1A2.3. from 
phage pA2H and PN7I.3. The 7I constant region gene Is shown as an insert into the EcoR I site of PN7I.3 
(originally pN.2, see Rgure 12); tlje variable region gene, A2H, is shown as'an insert into the Hind III site of 
25 the constant region gene.' Arrows above tii'e Immunoglobulin genes show the direction of transcription and 
an anrow at PN7IA2.3 indicates the 'BamH I site for restriction prior to transfection. - 

Rgures 19a^and 19b show the structures of PN72-DIH and PN72-D2H. respectively. The 72 constant 
region gene Is shown as an insert into the" BamH t site of pN^I; the variable region genes; OIH and D2H, 
are shown as inserts into the Hind III site of the constant region gene. Arrows above the immunoglobulin 
genes show the direction of transcriptibri. In Rgure 19a, *^either/or" and two arrows indicates that only one 
of the two indicated BamH I sites is present pN72*01H was not restricted prior' to transfection. In Rgure 
19b. two arrows Indicate the BamH I sites for restriction of the'cbnstruct prior to transfection.** 

• Rgure -20a shows the construction of pu.2. 'containing a -u constant region gene, from Phage u and 

pucia. ' • ' • . - 

Rgure 20b shows the' construction of a^4B9/u. heavy chain gene by a 3-way ligation of pU.2, pA2H. 
and pN.2. The construct was designated pNaA2.1. Arrows above the immunoglobulin .genes show the 
direction of transcription and an arrow at pNuA2:i indicates the Bam'H I site for restriction of the construct 
prior to transfection. t '^v- >: - V • ^ . : . '..c.. 

/ Figure 21 shows maps of the gerriiline j« light chain' J arid C regIons=and of the x^llght chain clones 
derived from xell line 4B9. In the gerriilfne map. ttiie /J regions are shown as boxes filled with 'diagonal lines 
spanning the central line and the constant region is* shown as a box filled witfi »horizbntal lines. pJ^; the 
protse used to' detect the variable region "genes, is shown as a thick solid black line below the J regions. 
pCx. the probe used to detect the k constant region, is shown as a thick solid black line below the' constant 
region gene. In the' maps of the kappa genes derived from cell line 4B9, the approximate location of the L- 
VJ genes is shown as an arrow pointing in the direction of transcription. "Either/or-* and two arrows 
indicates tiiat only one of the two indicated EcoR I sites is present. The wavy lines at the ends of the kappa 
genes Indicate bacteriophage ^vector sequences. Arrows indicate the BamH I sites for restriction of the 
constructs prior to. traiisfectioni -' •* v v r 

Rgiire 22 shows the structure of pGxAI-HCMVE' and of phage A1*, from which it is derived. The k 
constant region gene is shown as an insert into the EcoR I site of pUCG-MCSII-HCMVE; the variable region 
gene is shown as an insert Into the Hind 111 site of pUCG-MCSII-HCMVE. Arrows above the immunoglobulin 
genes show the direction of transcription. For Phage Al xV two arrows indicate the BamH I sites for 
restriction of tfie construct prior to transfection; for pGxAl -HCMVE, two arrows indicate ttie Pvli I sites for 
restriction of the construct prior to transfection. ' 

Rgiire 23 shows maps of the germllne \ light chain J and C regions and of the X light chain clones 
derived from cell line 9D1. In the maps/ the V region genes are shown as boxes filled witii vertical lines; the 
J regions are shown as boxes containing diagonal lines and the constant region is shown as a box filled 
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with horizontal lines. The regions corresponding to HP2-CX#5. pCX3/4, pCX3. and the CX3 probe are shown 
as solid black boxes below the germiine map. In the maps of the clones derived . from ceii line 901. the 
direction of transcription is shown by an arrow above the variable and constant region genes. 

Figures 24a. 24b, and 24c show the structure of pGX-DI, pGx-02h. and pGX-02e. respectively. For 
5 pGX01 and PgX02h. the imnnunoglobulin gene is shown as an Insert In the Hind III site of pUCG*MCSII- 
MHE For pGX-D2e. the Immunoglobulin gene is shown as an insert in the EcoR I site of pUCG-MCSII-MHE. 
Arrows above the immunoglobulin genes show the direction of transcription. Arrows indicate the sites of 
restriction prior to transfection: Pvu I for pG\-01, EcoR I for pG\7D2h, and Sal I for pGX-02e. 

Figure 25 is a histogram showing the range of concentrations of a recombinant IgGI antibody (in 
70 ug/ml> produced according to this invention. The concentrations were determined in an ELISA assay as 
described herein and represent values from the 40 masterwells producing the most immunoglobulin. 

Figure 26 is a histogram showing the range of concentrations of a recombinant IgM produced 
according to this invention. These concentrations were determined in an ELISA assay as described; herein 
and represent values from the 40 masten/zelis producing the most immunoglobulin. 
75 Figure 27 depicts the SOS-PAGE (polyacrylamide gel electrophoresis) pattem of various novel 

immunoglobulins of this invention. Lanes 1 and 2 depict the molecular weights of the heavy and light chains 
of the parental 489 antibody (parigM) and recombinant 489 IgM antibody (rIgM) of this invention, 
' respectively; lanes 3, 4 and 5 depict the molecular weights of the, antibody chains of.a recombinant IgGI of 
the invention; lane 6 depicts a recombinant lgG2 of the invention; lane 7 contains a. control IgGI, X light 
20 chain heteromyeloma Immunoglobulin; and lane 8 contains molecular weight markers. 

Figure 28 shows a comparison of the ability to bind to various Group B Streptococci of the rlgM of 
the invention (-0-) vs. parIgM (-•-). using a Poly-L-Lysine (PLL)-ELiSA method. 

Figure 29 depicts the results of an opsonophagocytic assay demonstrating the Identical bacteriocidal 
activities displayed by the rlgM of this invention and ParigM. • - • i 

25 Figure 30 shows in vivo comparative data of the ability of the rlgM of the invention (16/2B) to protect 

against a Group B Streptococcus infection in a neonatal rat model system. 

V. DESCRIPTION OF .THE . SPECIFIC . EMBOOIMENTS 

30 

The present invention provides , novel recombinant human immurioglobulins and methods for their 
production using recombinant ONA techniques. Genes encoding human immunogiqbuiin molecules may be 
cloned from a. cell secreting or capable of secreting an immunoglobulin molecule ^of, a. desired antigen 

3S binding specificity: these genes may then be transfected into a eucaryotic cell lirie/capable of, expressing 
the .immunoglobulin mplecujes. The , transfected host cells, - or transfectomas. then.,- secrete functional 
• recombinant human immunoglobulin molecules which possess Jthe desired specificity., By substituting. genes 
which code: for constant regions of. other isotypes, irrimunoglobulins of a desired^ isotype and , possessing 
desired effector; functions may be provided. By recombinant Is, intended those immunoglobulins or portions 

40 thereof which are coded for by ONA sequences made through gene cloning techniques. By human is^ meant 
immunoglobulins or portions thereof or the genes coding for such molecules which are primarily* (at least 80 
to .85%) Inhuman in origin. The recombinant human immunoglobulins thus produced find use in a wide 
variety of applications, Including prophylaxis or therapy, diagnosis, or as vaccines. . , - 

Prior to setting forth the invention in more detail, it may be helpful to an understanding thereof to set 

45 forth definitions of certain terms to be used hereinafter. . : ^ . - 



Expression vector . ♦ - 

so - A ONA sequence., usually derived from a plasmid or bacteriophage, which contains necessary regulatory 
. signals to drive the transcription of at least one gene carried on the vector and its subsequent translation 
into its polypeptide product when transfected into a host ceil. The expression vector is capable of 
replicating in bacteria,, so that adequate quantities of ONA may be obtained for transfection. 

ss . 

Expression cassette - ► . .......... 

- A ONA sequence, usually derived from a plasmid or bacteriophage, which .has been modified by the 
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addition of at least one element (e.g.. enhancer, variable region gene, constant region gene) such that it can 
serve as an immediate precursor to final constructs encoding immunoglobulin chains. 



5 Operably liniced . . 

- ONA sequences joined to produce a continuously transcribable gene sequence which, after. RNA splicing, 
produces sequences in reading frame and can be continuously translated to produce a polypeptide. 

10 - . •■ ■ • - . • : . ■ 

Transfection 

- The transfer of DNA into eucaryotic cells. 

15 * ... 

Immunoglobulin 

- Assemblies of heavy and light chains into dimers. tetramers, or aggregates thereof, where the assemblies 
possess specific binding reactivity to an antigenic determinant 

Donor Cell 

- Cell which serves as a source of human imrnundglobulin genes. 
Host Cell 

- Cell into which human immunoglobulin' genes • cloned from donor cells are transfected for ultimate 
30 expression. 

^ Generally, in one preferred '^embodiment, the* riiethod for producing 'recombinant human im- 
munoglobulins comprises the following steps: ' ' " * * v.* . - 

(1) constructior^ of- an expression cassette containing ' a human- immunoglobulin heavy cHain constant 
35 region-(eH) of the desired isdtype: ^ . . t • • . . . i. 

" " (2) isolation of genornic DNA encoding the* expressed variable region of a'human immunoglobulin 
' heavy 'chain (Vh) from 'a- donor ceir line capable "of secreting the" immunoglobulin and inserting the Vh gene 
• ^ in the cassette of step i^. at a location proximal to the 5 'end of the Oh segment and in the sarhe 'orientation; 

-(3)' preparation "of a vector-containing genohnic-DNA encoding the expressed kappa or lambda light 
40' ' cHain isolated from' tiie donor 'cell line 'of:^^^ - • , ' . : » 

W trarisfection ' of the clonecl' hurnarf 'heaVy ^ chain - euid Hght^chain immunoglobulin > genes into a 
eucaryotic host cell linecapable of supporting the expression 'and secretion' of human irhrhunogiobulin 
molecules: and *.v.- . i* . - . •. . - 

' (5) identificatidri and isolation of transfected cells secreting desired ' huiman immunoglobulin mol- 
45 ecules. and culturing the cells for the production thereof. * * 

The invention employs ceil lines which produce or are capable of producing human immunoglobulins as 
a source of genes to code for the immunoglobulin or fragment thereof which is desired to be secreted by a 
host cell line. Such donor cells will serve as a source of at least the variable region genes of both chains, 

so Vh and/or Vt. which genes may be cloned into expression cassettes, which may already contain ^a human 
constant region gene (Ch or for example, Cu respectively).- obviating the necessity of cloning the constant 
region gene(s) of the donor cell. Alternatively, genes encoding the variable region of the heavy chain (Vh) 
and the entire light chain (kappa or lambda) may be cloned from the donor cell. Tiie donor cell nnay also 
provide genes encoding the entire heavy chain. 

55 Cell lines which secrete human monoclonal antibodies may conveniently serve as a source of human 
immunoglobulin genes. These cell lines may be produced using conventional hybridqrna or transformation 
technology, such as that described in Methods of Hybridoma Formation . Bartal and Hirshaut (eds.). Humana 
Press. Clifton. N.H.. 1985, or U.S. Patent No. 4.464.465. both of which are incorporated herein by reference. 
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Other cells which may serve as a source of human immunoglobulin genes are available from a number of 
depositories, including the American Type Culture Collection (ATCC) of Rockville, MD. The scientific 
literature contains several descriptions of cell lines secreting human immunoglobulins to specific antigenic 
targets, such as those reviewed in Carson et al.. J 986, Adv. Immunol. , 38:275 and James et al., 1987, J. 

s Irrimunol. Meth. , 100:5. both of which are incorporated herein by reference. 

The genes encoding the human immunoglobulins or domains thereof which are cloned from the donor 
celMines may be transferred into an expression vector prior to transfection into a , host cell. A human Vh 
region gene may be cloned into a cassette already containing a human Ch region gerie, such that a 
complete human heavy chain is encoded and will be expressed by a recipient host.cell. The human light 

to chain genes, containing L. V, J. and C region genes, may be cloned in their entirety and used to co- 
transfect a host ceil with the heavy chain constructs for ultimate expression and secretion of a complete 
immunoglobulin molecule with the desired characteristics. Alternatively, as with the heavy chain genes, a 
human Vl gene may be cloned into a cassette already containing a human Q, gene, which construct Is then 
used to transfect a host cell for expression. - ' ... ' 

fs As referred to herein, for both the heavy and light chain genes the L gene codes for a hydrophobic 
leader sequence of about 17 to -20 amino acids^ which is thought to be important in transporting an 
immunoglobulin through the endoplasmic reticulum, during which process the leader sequence. is cleaved 
away from the immunoglobulin chain. The V gene specifies most of the variable region, the: remainder being 
coded foi- by the J or joining gene. The DNA 'coding for the .variable region: of heavy chains contains an 

20 additional gene, the'D (diversity) gene, which codes for a short segment between the V and J segments. 

The general structure of immunoglobulin heavy, chain genes is known. See Joho et al., 1983, Current 
' ' Topics in Development Biology .' 18:15-58;' and Calame, 1985, - Ann. : Rev. Immunol. . 3:159r195. which are 
incorporated herein ♦ by- reference. Genes 'coding for a functibnalrheavy -chain consist of a rearranged 
• variable region gene: separated by ah intron from one of any of the constant region genes, u, -yl, 72, 73, t4, 

25 ' €, al'or a2. In a genetically engineered heavy chain, the variable^and constant region genes may be derived 
from the same'^pr different' donor cell line 'and ♦ then 'spliced together to formia functional immunoglobulin 
■ ■* chain: Typicaiiyi the heavy chain Variable region gene 'will be derived from^a donor^B.cell line producing a 

monoclonal antibody of a desired antigen binding specificity;- Tor^js Spable-o^f Vproducih^ 
" having undergone VDJ and VJ recoml:ination. ^ ' ri.-i • . . , 

30 -1n the present invention it is desirable to construct cassettes consisting-of heavy chain constant region 
genes in DNA vectors such that a variable region: gene can be inserted s' of the coristant region gene to 
•produce an* expression vector containing a complete expressible heavy chain gene. This may be accom- 
plished by inserting the heavy chain .constant region gene in the vector* along .with . a short polyllnker 5 of 
'the. constant ' region ' gene/^ The variable .region gene may then - be.' inserted in .the polylinker region. 

35 Polylinkers, or regions of. multiple cfoning sites (MCS),/provide ^sites for desired restriction^ endonucleases 
and are well-known by those'skilled in the art; Expression: cassette? may be. preparedjfor the expression of 
• the u;'7l; 72. 73, 74,:e,r«1;'a2, and 5, heavy chain constant regions, into which the. desired variable region 
genes may be cloned in .an enzyme site of the polylinker region?*^; - . * r : \r v : :i« T*^.-'•' 
-'.'A vector for the* construction . of* an expression- cassette may -have ;the following useful :properties; 1) a 

40 bacterial origin of replication, such as that found in pBR322. to allow propagation as. a plasmid. in E. coli, for 
example: 2) a gene .which allows for phenotypic selection in bacteria, such. as /Srlactamase; 3) an origin of 
replication which allows for propagation in mammalian cells; and .4): a gene which allows for .phenotypic 
selection of. Its uptake in and expression .by mammalian cells, such as the Ecogpt , genes, in addition, 
restriction. enzyme sites should.be provided for thej convenient insertion .of foreign genes.. Preferred vectors 

45 Include the pSV2-gpt vector described by . Mulligan and Berg. 1981. Science , .209:1 422-1 427, which has a 
pBR322 origin of replication.- a gene encoding iS-lactamase, an SV40 origin of replicatipf>. which allows it to 
. replicate in mammalian cells, and the Ecogpt gene. Another f5referred . vector is pSV2-neo, described in 
Southern and Berg. 1982. J. Mol. AppL Genet. 1:327-341. which is similar to the pSV2-gp vector except 
that, in place of the Ecogpt gene. Jt - includes a neomycin-kanamycin • resistance gene, which provides for 

50- selection in ~ bacterial . and mammalian cells. « Other, vectors, including bovine papilloma virus vectors, 
polyoma virus vectors, and recombinant retroviruses, have emerged^as suitable vectors for stably transfer- 
ring genes into a variety of cells and are described, in Coffin. 1985, RNA Tumor Viruses.,:Weiss et al. (eds.). 
Cold Spring Harbor. N.Y.. Vol. 2. pp. 36-63, and.Kwok et al., 1986. Proc. Nati. Acad. , Sci. USA . 83:4552- 
- 4552. . • ' • ~ r . , - . . ■ . ■ .... ; - . 

55 -.In constructing a cassette for expression of human immunoglobulin heavy. chain genes it may be 
necessary to modify the vector so that it does not contain restriction enzyme sites which interfere with later 
cloning steps. The modification may also be designed to direct higher levels of expression of tiie gene 
encoding the selectable marker, thereby facilitating tiie selection of. cells taking up: the vector. Other 
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modifications of the vector may be made to increase the yield of plasmid DNA. For instance, plasmid 
pUC18 replicates to a signlficantiy higher copy number in bacteria than does plasmid pBR322, which has 
been attributed to differences in their respective origins of replication. Therefore, the pBR322 sequences of 
a vector may conveniently be replaced with the analogous sequences from pUCId. 
5 In some instances, depending on the vector in which the Ch gene is inserted.- It may be convenient to 
first subclone the Ch gene into a shuttle or intermediate vector, such as pUCIS. in an orientation such that 
the s' end is adiacent to a polylinker region, which vector may then be digested with, an appropriate 
restriction endonuclease to release the Ch gene .with the polylinker at the 5 end. The isolated fragment may 
than be cloned into an expression vector . to form a convenient: cassette for inserting the desired variable 

10 region gene in the polylinker region. v ? . .w . i 

Clones of Ch- genes of the various human isotypes have. been described. Cloning of 4he germline 
human -yl gene is reported in Flanagan and Rabbitts. 1982. Nature . 300:709-713 and Ellison et aL. 1982, 
Nucleic Acids Research , 1 0:4071 ;4079: the -72 gene is described in Flanagan and Rabt)itts. supra . Ellison 
and Hood. 1982. Proc. Nati. Acad. Sci. USA , 79:1984-1988. and Takahashi et al.. 1982. Cell, 29:671-679; the 

T5 yZ gene is described in Flanagan and Rabbitts. supra; the 74 gene is described in Flanagan and Rabbitts, 
supra , Blison and .Hood, supra, and Ellison et al., 1981, DNA. 1:11-18; the u gene Is described In Ravetch 
et ai., 1981. Cell; 27:583-591; and the «, al. and a2 genes are described In Flanagan and Rabbits, supra All 
of the aforementioned publications are incorporated herein by reference. • . - r ^ 

• In many Instances the constant region, of the immunoglobulin molecule in the donor c.ell line will be 

20 replaced by-a human constant region from, another source. The new C region may be of the same or a 
different 'Isotype. thereby providing a mechanism Jor switching the isotype. of the- original . antibody to that 
moria suitable for a particular purposes For instance, JgG molecules are often felt;to be preferfed.^pver IgM 
molecules for therapeutic administration to humans, where IgG has effector 'functiohis wHich allow.it to more 
easily cross the placenta or to participate in antibody-dependent cellular cytotoxicity, JgG. has a longer half 

25 - life in vivo than IgM.^ahd is often preferred for manufacturing purposes. aS' methods, for IgG purification are 
well"known while those for IgM are not. Also JgM is often unstable in vitro .> See generally, ; Shulman, 1987, 
. New Frontiers in the Study of Gene Functions; Poste.and Crooke (eds.).' Plenum Press, • NevyjYork, p.-139- 
-158, which is incorporated herein by reference. -.r*?-ij rfi -J ' - /r- ci^»l^ . jr::-!^ 

To obtain higher levels of expression of human immunoglobulin ..genes, transcriptional enhancer 

30 sequences may be inserted i in the expression vehicle. Enhancers, are cts-acting* elements of DNA that 
stimulate transcription of adjacent genes by RNA polymerase II. Enhancers are active, in either .orientation 
and over distances up to several kilobase pairs, even from a position downstream of the transcribed, region. 
Sequence- analysis of several enhancers has shown that they are .composed of single- or- multiple copies of 
one ormore conserved **motifs", 'relatively short sequences' of nucleotides separated by less conserved or 

3S non-conserved' sequences. It is believed that trans-acting* factors' bind tb:these'motifs and^ thereby. Increase 
levels of transcription, although the present invention js notUntehded to be bound by any ^such theories as 

• - to' mechanism^ of "action. Different trans-acting, factors are believed «to bind to. different motif sequences. 

Enhancers may be convenientiy inserted into the !MCS region, where the immunoglobulin 'gene - of. .interest 
may be insertecl either 5' or 3' of the enhancer: Alternatively, an enhancer.may.be inserted with an'intron of 
40 an^immuhoglobulin gerie>' "^^ ' " * .T* J » n* . jr* ia- * s r;.«!ani'o TrI^ .1 .^..^ i . - .. . 

•»* >^One aspect of the invention involves the use of transcriptional enhancers obtained from; murine or 
' hiirnari^; immunoglobulin heavy chain gene sequences,' which enhancers.*increase;the".expresslon;:Of DNA 
sequences coding for humanimmunoglofaulln-Iight chain polypeptides .in mammalian cells.: The* murine or 

* Heavy "chain enhancer'sequences are inserted into DNA constructs which -code for. the'human light chain. 
45 which may be either a kappa or lambda, chain.- Immuhogiobuiin transcriptional elements are more fully 

• described in CalameV 1985, Ann. Rev.^ Immunol. ; 3:159-195, which is incorporated herein by reference.* . 

Another aspect of the present invention contemplates DNA constructs for expressing immunoiglobulin 
polypeptide's in mamrhalian ceils and -methods for* expressing .said sequences, wherein the construct 
- contains a cytomegalovirus transcriptional-) enhancer sequence fronri the upstream . region of the. maior 
50 immediate early genes of a cytomegalovirus which may be selected • from the group .consisting of human, 
simian and murine cytomegalovirus. In a preferred embodiment, the DNA^construct. additionally contains a 
cytomegalovirus promoter sequence, which itself may be selected ^from promoters .of . human, simian and 

* munne.cytomegaioviruses, and^need not necessarily be from the same species as the enhancer sequence. 
In another preferred embodiment, the enhancer sequence is inserted in the DNA construct between 

55 sequences coding fbr .the constant region and sequences coding for the rearranged variable region. The 
immunoglobulin sequences may code for a kappa or lambda light chain, or heavy chains of the a.-y, 5, «, 
and u classes and subclasses thereof.' . * ■ • • .V • ' 

As used herein, a- cytomegalovirus enhancer sequence is Intended to include any fragment of DNA 
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which contains sequences having at least 40% homology (percentage of similarity of sequences), preferably 
at least 60% homology, more preferably at least 80% or more homology to the entire cytomegalovirus 
enhancer sequence, or which contains sequences having at least that homology to any of the enhancer 
motifs which are. found in cytomegalovirus, as listed in Table I. One pr more motifs may be repeated one or 
more . times within the sequence of any one enhancer element Such motifs are identified by -sequences 
which are found within the human, simian or, murine cytomegalovirus immediate early enhancer region, but 
are not. present in the known Immunoglobulin enhancers or SV40 en a stringency of at least that 

listed in Table I. The known immunoglobulin enhancer regions inciude the human heavy cfiain enhancer, bp 
1 to 583 to Rabbitts et aL. 1983, Nature, 308:806-809; the human kappa light chain enhancer, bp 1 to 199. 
according to Emortne et al.. 1983. Nature 304:447-449; the murine heavy chain enhancer, bp 1 to 997, of 
Ephrussi et al., 1985, Science. 227:134-140; the murine kappa light chain enhancer, bp 1 to 479, of Picard 
etal., 1984. Nature, 307:80-82; and the SV40 enhancer region, bp 1 to 294, according to the New England 
Biolabs catalog no. (1986/87). where bp 1 Is the last guanosine nucleotide in the Bgl I site. iFor the purpose 
of defining cytomegalovirus enhancer motifs, the hunian cytomegalovirus enhancer is the region bp -737 to 
bp +193, as defined by Boshart et al., 1985. Cell . 41:521-530; the.murine cytomegalovirus enhancer is the 
region bp -835 to bp +50. according to Dorsch- Hosier et al.. 1985, Proc. > Natl. * Acad. Sci! USA .' 82:8325- 
8329; and the simian cytomegalovirus enhancer is the region from t?p; -l260.to bp +661. as defined by 
Jeang et al., 1987. J. Virol., 61:1 559-1 570. .all of vyhich are incorporated herein by reference.- • ^ 
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TABLE 1. Cytomegalovirus Tra^ Motl£«J 

from .the' Immediate Early Enhancer ^Region of Human« 
Murine anci Simian CytproegalovixKisM V'\ 
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reverse complement 
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reverse complement 
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reverse complement 
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reverse complement 
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reverse complement 
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reverse complement 
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reverse complement 
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reverse complement 
ACTATTGGCACCT 
reverse complement 
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To secrete an intact human immunoglobulin molecule capable of binding to an antigen, both the light 
and heavy chain genes must be transcribed, translated, appropriately modified and the resulting polypep- 
tides assembled together in the HL dimer or H2L2 tetramer structure (where H represents the heavy chain 
and L represents the light chain). Furthermore, for IgM and IgA, secretion typically Involves polymerization 
of the HaLa tetramers and addition of a J chain. 

The heavy chain and tight chain polypeptides are each obtained by translation of mRNA derived from a 
rearranged variable region gene located € of a constant region gene, as explained below. The rearranged 
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variable genes are most conveniently obtained from either genomic or cONA cloning from the ceil line 
producing the immunoglobulin of Interest, also known as the donor cell. 

The general structure of the heavy chain genes is described in Ellison and Hood, 1983, Adv. Human 
Genet, 13:113-147. A complete heavy chain variable region gene is composed of L-Vh. Dh and Jh 
5 elements. In the germllne corifiguration there are loci containing multiple L*Vh, Dh and Jh elements, 
however/ in a cell line expressing or capable of expressing the heavy chain, single L-Vh. Oh and Jh 
elernents are recombined such that intervening ' elements are removed. This unit Is then known as a VDJ 
gene or a rearranged heavy chain variable region gene. Although this rearrangement is required for the 
expression of the variable region, many rearrangements' result in genes which are not expressed 'at the 
10 protein level. Either one or both heavy chain alleles can undergo this \^DJ rearrangement; if both are 
rearranged, either one or both can be expressed as mRNA. but only' one of the-RNA species is translated 
into a complete heavy chain polypeptide (containing variable and constant region domains). This phenom- 
enon is known as allelic exclusion. Because thei expressed allele cannot be conveniently determined at the 
DNA level and may - or may hot be determined at the RNA level, it may be necessary to clone both 

75 rearranged alleles and then* to determine which one is expressed by transfectioh into cells capable of 
immunoglobulin expression. . . i - ^ . 

To accomplish this, genomic DNA is restricted with an appropriate endonuclease, DNA fragments of the 
desired size (determined by Southern transfer and hybridization with a Jh region probe) are enriched for by 
preparative sucrose gradient centrifugatloh and used to make a bacteriophage libraiy,- which is then 

20 screened with a Jh region probe and positive plaques Identified, purified and amplified. To facilitate 
restriction endonuclease site mapping and- subcloning into the CH cassette, the rearranged heavy chain 
variable region genes (VDJ genes) rriay b'e subcloned into pUC18, for exainple. Plasmid DNA containing the 
rearranged 'variable region genes is identified by hybridization with a Jh probe and by the presence of a 
conserved 0.8 kb Hind lll-Bgl II fragment 3' of the J regions. The variable region gene is then transferred 

25 into the ^desired Ch "cassette at ' a 'position s' of the Ch gene by restriction of each component' with 
endonucleases producing compatible ends' and then ligation of the two components. Bacteria are- trans- 
formed witfi the ligation mixture and tranisformants containing -the complete heavy chain gene in proper 
orientation 'may be ideritifieci using risstrictibh^enzyme digestion. Once the' entire heavy chain'tgene has 
been assembled, it may be linearized and then ti-ansfected into a suitable host cell for co-expression with a 

30 • light chain gene.' " * . r • ;v • . - 

- ' There are two classes of human tight-chain's: kappa andlambda. Only a single human. light chain, either 
kappa or lambda, is expressed at the protein level In any particular cell. That light chain combines with the 
heavy chain to form a HL-dirrier or a tetiramer of the structure H2L2. The kappa and lambda genes are 
encoded on different chromosomes and the genes are not believed to normallyrinteract with ^each other. 

35 The general structure of kappa and lambda light chain genes Is similar. • although ^somewhat'sinipler,- than 
the structure of the human heavy chain 'genes. The complete light chain gene is composed of variabte and 
constant region genes which are separated from^each other by -an -intrbh. As with 'the heavy .chain; the 
' variable region is actually composed^ of a few segments 'which are separated in the germllne . but are 
•recbmbined^ to ^form * a functional light chain variable region gene. The compositions of. the kappa and 

40 ' lambda loci differ^significantly from each other and su'e described 

*^"The structure of human* kappa light chain genes is described in Hieter et al;; 1980; Cell. -22:197-207, 
Hieter et al.;' 1982. J. Biol. Chem.. 257:1516-1522 and in Klobeck et al.. 1984. Nucleic Acids Research . 
12:6995-7006;' all 'Of which are Incorporated herein by reference. As shown in Figure 2i; in the germline 
'configuratioW there is a single "kappa constant region gene per haploid genome. Upstream of the constant 

45 region is a group of 5 Jx'r^egion genes; the variable region genes are presumably Mocated an* unknown 
distance upstream of the' Jx regions'. In a cell line expressing or capable of expressing the kappa light 
* chain," a single L-Vx and Jx element are recoimbined such that intervening elements are removed. rThis unit 
is then known as a.VJx gene or a rearranged kappa variable region gene. This rearrangement may occur on 
one or both alleles. To clone the rearranged x variable region genes, a probe may be used.>.such.as pJx 

so which encompasses the germllne Jx genes. With certain restriction enzymes which do not have recognition : 
sequences between the J region and constant region (e.g.; BamH I), the Cx probe can also be used to 
detect rearranged kappa'variable region genes. . . ^ > -i :: ^:: r 

The structure of human lambda light chain genes is described in Hieter et al.. 1981, Nature . 294:536- 
540 and in Udey and Blomberg, 1 987, Immunogenet. 25:63-70, both of which are incorporated herein by 

56, reference. In the gerriiline donfiguratibn there are at least six lambda constant region genes per haploid 
genome; however, only CXI through CX3 are known to be functional. Each of the lambda constant region 

'■■ genes 1 through 3 has a single JX gene 5- of it; the location of the lambda variable region genes is 
unknown. In a cell line expressing of capable of expressing the lambda light chain, a single L-VX and JX 
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element are recomblned such that intervening elements are removed. This unit is then known as VJ\ gene 
or a rearranged lambda variable region gene. This rearrangement may occur on one or both alleles. To 
clone the rearranged X genes, one can take advantage of the close proximity of JX and CX genes; a CX 
probe can be used to detect rearrangements occuring 5 of it at the respective JX locus. 
5 In kappa chain producing cells, one or both kappa alleles may be rearranged, but the lambda locus is 
rarely or never rearranged. In lambda chain producing cells, one or both lambda alleles may.be rearranged 
and both kappa alleles are usually rearranged, although in a non-productive fashion such that a complete 
•kappa chain cannot be expressed. As with the heavy chains. ;one cannot determine at the ONA level and 
may not be able to determine at the RNA level which re;arranged light chain Is expressed at the protein ^ 
to level; therefore either both rearranged kappa or both rearranged lambda genes need to be cloned from 
kappa and lambda producing cells, respectively, and the functional gene determined by transfection 
experiments. As explained in more , detail below, the human light chain genes may be cloned using a / 
methodotogy similar to that used for the human heavy chain genes. , . 

Genomic ONA obtained from a donor cell of interest is restricted with an appropriate endonuclease, 

/5 ONA fragments of the desired size (determined by Southern transfer using an appropriate probe such as 
Jk, Cx, or CX) are enriched for by preparative sucrose gradient centrifugatlon and used to make a 
bacteriophage library; this library is then screened with the appropriate probe and . positive plaques 
Identified, purified and amplified. Bacteriophage ONA is then isojated frorri the plaques. . , • 

If the rearranged light chain variable region and constant region genes, are found on a single restriction 

20 fragment small enough to be cloned, into a- single vector, they may. be cloned together and need not be 
suttcloned into, an expression ^cassette before being transfected Into host cells. In other Instances, the 
variable. and constant region genes may, not fit into one vector^iand the variable; region gene will require 
. >subcloning into an expression cassette containing the constant region gene, in still other instances, it will be 
possible to clone variable and constant regiori genes on a single^ vector, but it may be desirable to transfer 

25 tiie variable and. constant region genes, either simultaneously or sequentially, into a cassette containing 
other components which will enhance the level of expression.,: . . ... 

To facilitate restriction endonudease site mapping and subcloning into an expression vector or cassette, 
the rearranged light chain variable region genes (VJ elements) may be subicloned, for example,. Into pUClS. 
Plasmid DNA containing the rearranged variable region genes Is Identified by hybridization with the 

30 appropriate J or C region probe. The variable region gene insert is then transferred into, the desired 
expression vector by restriction of vector , and insert , with endonucleases producing compatible ends and 
then ligation of the two components. Bacteria may be ti'ansformed with .tiie ligation mixture and , transfer* 
mants containing the complete* light chain genes .(variable and constant region) in :proper orientation, may be 
identified using restriction enzyme' digestion. Once the. genes : coding, fpr the entire light chain have been 

35 assembled; in an expression vector : (either, bacteriophage or-plasmjd). the .vector may be linearized and 
transfected, either simultaneously or j. sequentially, with genes coding for a hunrianv heavy .chain into a 
suitable eucaryotic host cell capable of expressing the genesi . ' rue . ; 

. It should, be appreciated that in geneti'cally engineered kappa or lambda light chain genes, the variable 
and constant region genes may be derived. from either the same source or f mm different^sources.and^ then 

40 spliced together to form a functionjal gene. In a preferred embodiment, the ^variable^ region gene will be 
derived from a B ceil line producing an . antibody of desired specificity, while -the constant region gene is 
derived from either a B cell or non-B ceil source. It should also be recognized that expression cassettes 
containing the kappa or lambda constant region genes may , be constructed in, a. manner rsimilar. to. that 
described for the heavy chain genes. Preferably, this cassette would utijize a different selectable marker 

45 than the heavy chain cassette, permitting selection for uptake of DNA containing botii Uie heavy and light 
chain genes. In addition, the cassette might also contairi enhancers and/or promoters, to, direct higher levels 
of expression of the immunoglobulin genes. Alternatively, the cassette might contain the gene control 
regions such as promoters, enhancers, etc. but not a light chain constant region gene. The variable and * 
constant region genes would then be convenientiy added tOt the cassette as a single unit. 

50 . . In. anotiier aspect of the invention, it is contemplated that the, donor cells will supply human-variable 

region genes, which genes may be used with portions of human constant regions to produce recombinant , 
immunoglobulin fragments, such as, for example. Fab. F(ab)z. An. Fab fragment could be produced using 
recombinant techniques, where the human light chain would be cloned as described above, and the human 
heavy chain terminated prematurely by inserting stop codons, such as between _amino acid residues 221 

55 and 226 of the human yi chain (number according to.Eu, Edelman et al., 1969. Proc. Nati. Acad. Sci. USA . 
63:78-85). This may be accomplished by introducing a translation stop codon in reading frame prior to or 
replacing the cysteine at residue 226. For example, using site-directed mutagenesis, an adenosine residue 
could be inserted between the T and G residues of the cysteine triplet TGC, thus producing the stop codon 
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TAG and destroying the cysteine codon. This approach has the advantage of minimally altering the RNA 
structure, so normal RNA splicing and stability would be preserved. Fab fragments utilizing the ChI domain 
of other subclasses of tgG could also be prepared. Unlike IgGI, the other subclasses utilize cysteine 
residue 131 for disulfide bonding to the light chain. The first cysteine residues involved with inter-heavy 
5 chain disulfide bonding occur at residues 221. 226. and 226 for lgG2.:igG3» and lgG4. respectively. Using 
site-directed mutagenesis, stop codons could be Inserted anywhere following residue 215 (end of Chi) and 
the first cysteine residue and most conveniently by replacing the cysteine codon with a stop codon. as 
described above.. F(ab'}2 fragments could be produced using- similar techniques to insert stop codons 
following the cysteine residues responsible for inter-heavy chain disulfide bonding. In a related aspect of the 
10 invention, alterations or substitutions In these heavy chain constant region domains (other than-CHl) may be 
made at the DNA level where a second protein or portion thereof is encoded. The second protein should 
not interfere with the antigen binding activity of the variable region, or the assembly, of the resulting Fab-, F- 
(ab')2-, immunoglobulin-second protein. or' portions thereof.' See PCT patent publication no. WO 86/01533. 
which is incorporated herein by reference, / - . , 

15 While certain substitutions or alterations may be introduced in the L-VJ or L-VDJ and ChI or Cl 
sequences, the resulting Fab portion should preferably remain at least 80% human in origin, more 
preferably 90% or more human, • , 

The DNA sequences coding for the light and heavy chain .genes prepared as described above may be 
inserted into a host cell for ultimate expression. The host cell Is a eucaryotic cell,capable of expressing the 
20 human immunoglobulin genes in a functional form~ Yeast cells may serve as hosts, in that they are capable 
of carrying out post-translational modifications, such as glycosylation, and can secrete polypeptides bearing 
' leader sequences. More preferred hosts are mammalian cells, which may be grown in - vitro : or in vivo . 
Mammalian cells are also capable of providing post-translational modifications to immunoglobulin proteins. 
Including leader' sequence removal, correct folding and assembly of both heavy and> light chains, glycosyla- 
25 tlon at correct sites, and secretion of functional antibody . from the cell. ^Examples of ; mammalian cells 
obtainable, from- the American Type i Culture . Collection in Rockville, MO, which may . be used for the 
J production of immunoglobulins ot the Invention Include fibroblast cell lines ATCC Nos. CCL;92, CRL.v1569, 
CRL 1650. CCL 75. and CCL 54: lymphoid cell lines ATCC Nos. TIB 53,; CCll 167, .CRL 1580, CRL 1681. 
.. TIB 6, TIB. 18. CRL 1631, CRL 1662, CRb1647. CRL 1648, CCL 86, CRL 8155, CRL 1596. CRL .1^2. TIB 
aa*. 161, CCL 119 and CCL 155; and the CH0-K1 ovarian cell line. ATCC No. CCL'61. Lynnpliocyte lines are 
- preferred hosts, particularly human , or murine lymphocytes. More . preferred are lymphocytes , of .-a . B-cell 
lineage, which may be a cell selected from the group consisting of a lymphoblastold cell, a B-cell,i and a 
^.plasmacytoma. Importantly, .the host cell should. be compatible with the replicon and .control} sequences of 
. ' the expression vector which is used to. itransfect the immunoglobulin genes ot Interest^ The, host ceU may 
35 ^also beVmyel6ma*^ceil line:capabi^^ i ^ . ^ ri, :i: 

.. .The heavy and .light chain, DNA may be -inserted into. Jhe host cell by, a number of means, such as 
electroporation, which is described by Potter et al.. 1984. Proc. Natl.yAcad. Sci. USA; 81:7161-7165, Other 
methods' of. transfection , which, may, be, used Include.' calcium- phosphatei.coprecipitationvpf DNA,. whi is 
-thentadded^directly^to the cultured hosfcblls* Graham and Van den Eb, 1 973, Virology .;52:456-.467; DEAE 
40 ' dextran- precipitation;; Sompayrac and Danna,. 1981, Proc. Natl. Acad. , Sci^ USA ,; 78:75.75-7578; protoplast 
' fusion, as described, in Oi and Morrison.; 1 987, Biotechniques , 4:214-220; and microinjection,, as described 
' Jn Sullivan et al.. ,l985. Cancer Cells . 3:293-297. The Joregoing articles are incorporated herein by reference 
in their entirety, • ■ . ;: • - • ■ •} ' i" ' ' - ' 

Following transfection, the, cells are incubated in nonselective.media for about two days, and then are 
4S transferred to. a\ selective medium and observed for proliferation. After a sufficient time for cell outgrowth, 
the supernatants are tested for the presence of human light and/or heavy ciiains using means described in 
the examples hereinbelow. If the host cell secreted an immunoglobulin molecule or a portion, thereof prior to 
transfection. the endogenous immunoglobulin should be distinguished from the immunoglobulin vyhpse DNA 
sequences are* being transfected. Cultures positive for, human Immunoglobulin of the desir;ed isotype should 
so be cloned and expanded (grown) in vitro for functional testing of the immunoglobulin- obtaine.d .from the 
culture supernatant. Following the Tsolation^of, single cell clones, the cells may . be. removed from the 
selective medium' by gradually decreasing .the concentration of the selecting agent(s), so long as no 
-deleterious effects are observed on ceH/growth or immunoglobulin production. The transfectoma may be 
; cloned by cultured in vitro for the production of , the .desired immunoglobulin. Depending qrt whether the 
55 transfected host . celT secreted in endogenous ' immunoglobulin, the novel recombinant, immurioglobulin 
molecules produced may be much like, monoclonal antibodies. Functional antibody tests will depend on the 
• nature of the immunoglobulin; for Instance, if the genes, coding for the; variable regions are cipned from a 
donor cell producing ah antibody capable of specifically binding to a particular antigen.* the immunoglobulin 



15 



EP0 314 161 A1 



produced by the transfectoma should be able to specifically bind to the same antigen. Desirably, the 
recombinant immunoglobulin will have an affinity for the antigen of at least 10~«M, more often at least 
10*^ M, and preferably at least lO^M. Desirably, the recombinant Immunoglobulin should also possess 
effector functions associated with the isotype of the constant region. It is to be understood that the present 

6 Invention encompasses the novel Immunoglobulins of this invention as well as any derivatives thereof, e.g., 
obtained by deletion, insertion, or substitution . of amino acids or by altering the degree or presence of 
glycosyiation. For example, certain amino acid changes may be introduced into the novel recombinant 
immunoglobulins 'of this invention to decrease' their immunogenicity and thus increase their therapeutic 
potential.- - . • ^ • . ' - • 

10 ' - In examples described hereinbelow. the light chain gene and heavy chain variable region gene were 
' cloned from a lymphoblastoid cell line producing a monoclonal antibody that recognized several bacterial 
species. The heavy chain variable region gene was inserted into an expression cassette containing a heavy 
chalri* constant region gene coding for an isotype (according to one embodiment. IgGI and according to 
another embodiment lgG2) different from that of the donor cell line (IgM). The heavy chain constructs and 

IS the light chain genes were transfected into a mouse myeloma cell line. The antibodies produced by 
respective transfectomas were of the IgQ isotype and were able to bind the same bacterial species in vitro 
as the monoclonal antibody of the donor cell line. 

The transfected cell line producing the human immunoglobulin molecule may then be propagated for 
optimal antibody production; either in vitro or in vivo for the production of ascites, depending on the cell 

20 * line. One advantage of the present invention is that it enables entirely hurnan immunoglobulins to be 
produced in non-human cell lines, such as murine cells* which may be convenientiy and. economically 
propagated in large scale cultures. The use of non-human lines also results in the production of human 
Immunoglobunns substantially free of other human proteins. . . . . • 

Having both human variable and constant regions, the recombinant immunoglobulins of the invention 

25 may find utility in administration to humans, whether as therapeutic or diagnostic agents, or as im- 
- munogens. The- particular utility chosen will depend much on the antigen binding specificity of the 
Ininriunoglobulln, the effector functions of * the constant ' regions. ' etc. For therapeutic or prophylactic 
purposes, the imrnunoglobulins may be administered^ separately or in conjunction with other therapeutic or 
/ prophylactic agents well-known to^ those skilled In the' art The immunoglobulin's' and phahnaceutical 

30 compositions of this invention are particularly useful for parentisral administration, such as subcutaneously, 
• intramuscularly, or intravenously. Compositions of this Invention for parenteral- administration comprise a 
solution of the immunoglobulin or a cocktail thereof -dissolved in a pharmaceutical ly acceptable excipient or 
carrier well'known to those skilled In the art. Actual metiiods. for preparing parenterally administrable 
compositions are described in more detail in. for example. ' Rem lngton*s Pharmaceutical Science . 15th Ed.. 

35 Mack Publishing Co.. Easton. PA (1980).' which Is Incorporated herein by reference. In; embodiments 
exemplified below, recombinant immunoglobulins capable of specifically binding, to a preselected bacterial 
antigen are'descnbedV where the 'ini^m effector functions, in that bacteria bound by the 

ImmunoglobulinsTare phagocytized by hijman neutropHils in vitro (see Examples V and Vl,- infra). n 
• The recombinant; Human' immunoglob used as 'carrier molecules for the' targeting i of a 

40 compound or compounds for ;dellyoiy to specific cells,*' tissues, organs or any otfier site in vivoior.in vitro. 
Recombinant hiiman antibodies against any *deslred 'target (e.g.;. antigenic determinants or tumor.' cells, 
bacteria, viruses! ' fungi or parasites) may be used as' carrier molecules: Th^ compounds are selected 
according to the purpose of the intended application (e.g., cytotoxicity, preventing proliferation; target 
imaging) and may include, for exampile. pharmaceutical agents. - toxins, enzymes, antibiotics, anti- 

45' metabolites, hormones, radioactive ' isotypeSi radioopaque dyes. etc. It is desirable to attach the'*compound 
to tiie recombinant human antibody molecule without interfering with either the antigen binding capacity of 
the antibody or with effector functions such as the ability to activate complement Once .the antibody- 
compound conjugate is administered In vivo, the carrier antibody molecule will attach to the antigenic 
determinant of the target site and may subsequentiy release tiie linked compound. Such methods are 

50 described in further detail in U.S. Patent No. 4.671.958. which is incorporated herein by reference. 

AnoUier application of the recombinant human Immunoglobulins of the invention is as antigen for use in 
humans as an antiidiotype vaccine. The recombinant human immunoglobulin which'binds specifically to the 
relevant antigen is used, or the Fv; Fab, or F(ab')2 portion thereof, to immunize a human to make antibodies 
specific for' the variable region -(aritiidiotyptc antibodies). Some of tiie anti idiotypic antibodies may share 

56 structural features with the original antigen (which itself could not be used as an immunogien); and may be 
used for immunization in place of the original antigen. See generally . Bona et al.; 1985. Ann. Inst Pasteur 
Immunol. . 136:299-312 -and Kohler et aJ.. 1985. Proc. Soc. Exp. BioL Med. . 178:189-195. which are 
incorporated herein by reference.' * 
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For diagnostic purposes, the recombinant human immunoglobulins may be either labeled or unlabeled. 

Typically, diagnostic assays entail detecting the formation of a complex through the binding of the 

immunoglobulin to the antigenic determinant of the organism, cell or antigen desired to be detected. When 

unlabeled, the immunoglobulin may find use in agglutination assays or may be used in combination with 
5 other labeled antibodies that are reactive with the human immunoglobulin, such as antibodies specific for 

Immunoglobulin: Altematively.'the Immunoglobulins of the Invention may be directly labeled, and a wide 
* variety of labels may be employed. Numerous types of immunoassays are available and. by way of 

example, Include those described in U.S. Patents Nos. 3,817,827; 3.850,752; 3,901.654; 3,935,074; 

,4,034.074; 4,098.876; and 4,376.110, all of which are incorporated herein by reference. 
w By virtue of the present invention, human inimunoglobulins may be -class switched to an isotype 

preferred fbr a particular utility. As many of the monoclonal antibodies produced by viral transformation are 

of the IgM class, conversion' to the IgG class is of great benefit. * ' 

Other features and advantages of the present invention will become apparent from the following 

experimental description, which describes the invention by way of example. The examples are offered by 
75' way of illustration and not by way of limitation. 

EXAMPLE i 

CONSTRUCTION OF EXPRESSION CASSETTES "AND IMMUNOGLOBULIN GENE CLONING 



25 This Example describes methods fbr cohstructinig recombinant DNA molecules encoding human 
' aritibodies of desired binding specificities and isotypes. The construction of cassettes for the expression of 
immunoglobulin genes is first described, followed by the cloning of the heavy chain variable region genes 
and light chain genes from two antibody secreting cell lines and the introduction of these genes into the 
expression cassettes. 

30 In the experiments described below, the variable region genes from two established human tym- 
phoblastoid cell lines (LCL) were used: 4B9 (ATCC CRL 9008), whidi secretes a human IgM kappa 

• antibody reactive with Group B Strejjtocbccus, Serratia marcescens , Enterobacter cloacae . Escherichia coll 

• and Pseudomonas aeruginosa; and 9D1 (ATCC CRL 9489), which secretes a human IgQ lamlxJa antibody 
that binds to Serratia marcescens , Klebsiella pneumoniae . . Enterobacter ' aerogenes , ' and Pseudomonas 

35 aeruginosa . ; . . - / * . 

• »*.«-. *: . ' " • . . ■ • f • ,■ ■ •" 
: b--' v.^.- . ' • *- • ' r . v ;l • . ■ 

a! Construction Ipf Expression Cassettes • ' . . ^ . • 

40 ' " 'The vectors pSV2-gpt and pSV2-neo form the basis of the expression cassettes. The vectors were first 
* modified to Increase their usefulness; cassettes were then formed by the addition of constant region genes 
(heavy or light chain) and/or enhancers. In Sections B and C, adding the variable region genes to these 
cassettes is described. ' ' ' ^ 

45 

1 . Vector Modifications 



a. Modifications of pSV2'gpt Vector 

so ' - ' ^ • ' ' 

I pSV2-gpt to pG (Rg. la) - 

•In tills Example, the pSV2-gpt shuttle vector described by Mulligan and Berg. 1980. Science, 209:1422- 
55 27, was modified to construct ca'ssettes for the expression of Ig heavy and light chain genes. As will 
become clear later in the Example, it was desirable to modify ttie original pSV2-gpt vector so that 1) It did 
not contain a Hind III site which would interfere with later cloning steps; and 2) it would direct higher levels 
of expression of the Ecogpt gene in mammalian lymphocytes, tiius facilitating selection of cells taking up 



17 



EP 0 314 161 A1 



this vector. Both of these goals could be accomplished by the removal of a 121 bp Hind lll-Bgl II fragment 
located at the s' end of the Ecogpt gene. This 1 21 bp fragment contains two initiation codons upstream of 
the functional initiation codon (which is not on the 121 bp fragment). Removal of these upstream sites 
should increase levels of expression of the Ecogpt gene. Briefly, this was accomplished by digesting pSV2- 

5 gpt with Hind. Ill and Bgl 11, making the termini blunt ended with. the Klenow fragment of DMA polymerase, 
self-ligating the DNA and transforming competent bacteria. The experimental details follow. 

Ten micrograms of pSV2-gpt DNA. (ATCC No. 37145) were digested to cornpletion with Hind III (80 
units for 1 hour at 37* C). The Hind Ill-digested material was then digested lo.completion with Bgl II (24 
units for 30 minutesjollowed by 16 units for 1 hour at 37*. 0., The digested materia! was fractionated on a 

10 1% agarose gel in TAE buffer (0 04 M Tris-acetate. O^OOI' m'edTA). After stairiing with .ethidlum bromide at 
0.25 ug/ml, DNA fragments of 5.4 kb and 121 bp were -visualized. The higher molecular weight band was 
electrophoresed into NA45 DEAE paper (Schleicher and Schuell) and then eluted from the paper according 
to the manufacturer's, instructions. The DNA was precipitated with ethanol and resuspended to approxi- 
mately 1 ug/ul in TE buffer (10 n\tA Tris, pH 7.8, 1 mM EOTA). 

15 The termini created by the restriction endonucleases were made to be blunt ended. using the Klenow 
fragment of DNA polymerase (2 units enzyme per 1 ug of DNA in 25 al buffer (50 mM Tris. pH 7.2. lOmM 
MgS04. 0.08 mM dATP. 0.08 mM dCTP, 0.08 mM dTTP, 0.08 mM dGTP. 0.1 mM DTT. 50 ug/ml BSA) for 
10 minutes at room temperature). The sample was immediately phenol and chloroform extracted and then 
precipitated with ethanol. The DNA pellet was resuspended in TE to t ug/ul. One microgram of DNA was 

20 self-ligated in a final volume of 20 ul at 15* C for 7 hours using 1 unit T4 DNA ligase (Bethesda Research 
Uboratories) in "ligation buffer" (50 mM Tris. pH 7.8. 10 mM MgCIa, 1 mM DTT, 6 mM KCI, 1 mM ATP, 1 
mM spermidine, and 5% polyethylene glycol (Sigma PEG 8000)), , ^ ^ . . . 

The ligation reaction was diluted 1:5 in Te and 1 ul was used to transform 100 ul of* competent E. col[ 
DH5a cells (Bethesda Research Labs) according to manufacturer's instructions. Transformed bacteria were 

25 plated on LB agar containing 100 ug/ml ampictllin. Plasmid DNA from ampiciilin resistant colonies was 
screened for its ability to be cut with Ecofl I. but not with Hind III or Bgl. II. The resultant vector was.tjermed 



30 : !i. pG to pUCG (Fig; ,1a) . ■ - 

The pBR322 sequences; of pG were replaced with the analogous .sequences from pUCi 8 to, increase 
■. yields. of plasrhid DNA. Briefly,, this Was accdrhplished by digesting pG with EcoR I and. Pvu,!!, .^recovering 
the 3 kb DNA fragment containing, the Ecogpt gene and SyfW:deriyed:PNA/a^^^^ it to the^Pvu II 

35 fragrrieht from pUCI 8 containing the'origin of replication and ampicillih*'resistance gene:~ ^. ^ 

The details were as follows: Ten micrograms of pUC18 (Bethesda Research Laboratories) were 
digested to completion with Pvu II (50 units for 2 hours at 37* C) and 10 ug of pG were digested to 
completion with EcoR I (50 units for 2 hours at 37* C). and then with.J?yU|ll,(50 unite for,2vhp^ C). 
Both digests were electrophoresed through 1.2% agarose and the*^esired' fragments (3 kb for'pG and 2.4 
40 kb for pUC18) were electrophoresed, into a NA45.JDEAE mernbrane.vThe DNA. was. then eluted :f^^ the 
. DEAE paper according to the manufacturer's, instructions,, ethanol precipitated,.and resuspended to 1, ug/ul 
• In TE buffer. ■ . ' . * " -j \. i : .. ^r- > « 

The EcoR I ends from the digested pG were filled in using the Klenow fragment of DNA polymerase (2 
units of enzyme and 1 ug DNA for 10 minutes at room temperature In a 25 ul reaction volume). The 
45 sample was then phenol and chloroform extracted, ethanol precipitated and resuspended to 200 ng/ul in TE 
buffer. Two micrograms of the pUCIS fragment were treated with calf intestinal alkaline phosphatase (CIP; 
Boehringer-Mannheim) suspended in 50 mM Tris-CI. pH 9.5. 1 mM MgCIzm. 0.1 mM'^ZnCIa, 1 mM 
spermidine. (10 units for 15 minutes at 37 'C followed by 15 minutes at 56 'C). phenol and chloroform 
extracted, ethanol precipitated and resuspended to 250 ng/ul in TE buffer. r.. ; : i : * 

SO Twenty nanograms of the pG fragment and 25 ng of the pUC18 fragm'eiit were ligated overnight at 
15'c in a 20 ul volume. One hundred microliters off competent DH5a cells were transformed with a portion 
of the ligation mixture. Colonies were screened for the presence of a single Pst I site, .which is within the 
SV40 region of pG. There is an additional Pst 1 site in the amp' gene of pBR322 but not in the amp^ gene of 
pUC18- The plasmids were also screened for the regeneration of the EcoR I site upon ligation of Pvu 11 
55 ends with 'filled-in EcoR I ends.. The resultant plasmid was termed pUCG; , , . ■ • ^ 

iii. pUCG to pUCG-MCSH (Figs. 1b and 1c) • - 
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It was desirable to have as many restriction sites as possible available for cloning variable and constant 

* region genes into the pUCQ vector. Therefore the EcoR I to BamH I region of pUCG was replaced with the 
polylinker or multiple cloning sites (MCS) region derived from two sources: plC19R (obtained froifi J. 
Lawrence^ Marsh. Department bf Developmental and Cell Biology. School of Bidlogicai Sciences. University 

5 of California at Irvine; see also. Marsh et al.. 1984, Gene , 32:481 :485)^and pUC18. This was accomplished 
in two stages: first the EcoR l-BamH I fragment of pUCG was replaced with the EcoR l-BamH 1 polylinker 
fragment of pICIQR to form pUGG-MCSI (where MCSI indicates Multiple Cloning Site I). Then, the Hind III- 
BanriH I fragment of pUCG-MCSI was replaced with the Hind lll-BamH I polylinker fragment of pUCIS. This 
vector was designated pUCG-MCSII and contains 14 unique restriction sites In the multiple cloning site 

10 region. '* / _ J " . '"' f . 

The details of the construction were as follows. Ten micrograms of "pUCG were digested to completion 
with EcoR 1 (100 units for 2 hours at 37' C); extracted with PCI (phenolrchloroform: isoamyl-alcohol in a ratio 
of 25:24:1), ethanol precipitated, and resuspended in 100 ul TE buffer. The vector was then digested to 
completion with BamH I (200 units for 2 hours at 37 'C),- PCI extracted, ethanol precipitated, and 

75 resuspended in 80 M.1 TE buffer. The ON A was then electrophoresed through 1% agarose and the desired 
' higher molecular weight fragment then electrophoresed Into NA45 DEAE paper and eluted; The ONA was 
then PCI e3ctracted; ethanol precipitated, resuispended and * ce'ntrifuged through a "spun^:olumn." as 
described by Maniatis et a!., Molecular Cloning. A Laboratory Manual. 1982. pp. 466-7. Thls latter procedure 

* removed particulate material, such as agarose, which might have contaminated the sample. The ONA was 
20' ethanol precipitated and resuspended in' 80 ul TE buffer.-' *' - '* - • ► .. 

Twenty rinicrogfams of plC19R were digested to completion with BamH- 1 (400 units for 2 hours at 
37* C). PCI extracted, ethanol precipitated, and resuspended in 200 til TE buffer: The ONA was then 
" digested &I completion with EcoR l' (200 units for 2 hours at 37* C)/ PCI extracted, ethanol precipitated, and 
iresuspended in 80 ill TE; The ONA was electrophoresed through 4% NuSleve agarose i(FMC Corporation) 
25 ' in TBE buffer (89 imM Tris-borate.' 89 mM boric acid, and 8 mM EOTA). The small polylinker fragment from 
plC19R/was electrophoresed Into NA45' DEAE''paper.' 'eluted , and further purified' as described in: the 
■ previous paragraph.' The DNA was ethanol precipitated' and resusjpended- in. 20 u( TE buffer.. . \« * .>r . 

^ ten naribgrams 'of vector (pUCG- fragment) were then •^^ligated 'with 250 ng poly linkeri'fragmenti (from 
^' plCi9R) (1''unlt BRL T4'0NA ligase and ligase buffer lacking spermidine to a final* volume ofi25'jxl; for 30 
30 "nhinutes^ at 37* C). The ligation* w^ diluted 1:5 in TCM (10 mM Tris; pH '7.9; 10 mM MgCla.^^and 'IO'mM 
CaCb) and 25 ul was used to transform 200 nl of competent DH5d cells. Plasmid DNA was prepared from 
the resulting colonies and the DNA screened for the presence of both a Sac I (from the polylinker) and a 
Kpn I (derived from the gpt gene in pUCQ) site. This construct was termed pUGG-MCSI. 

pUCG-MCSI was then digested to completion with BamH J and Hind III (200 units' reach . per 2.5 ug 
35 DNA). precipitated with ethanol, resuspended in 50 ul TE buffer, and electrophoresed through a 1% 
agarose gel. The higher; molecular weight-'band was electrophoresed into NA45 DEAE: paper. ::purified as 
described above.* and resuspiended "in 50 )llI TE buffer; - ' » j;^'- • v>: - .:i'^^*m*D.'.>w.j ju. - 

"'"^ Sixty ' micrograms "of pUCI 8 were digested to corhpletion 'with BanSH 1 and' Hind*' III (400 -units each), 
ethanol precipitated; redissolved In 50 lil TE buffer and islectrophoresed through 4%''NuSieve agarose 
40 (FMC Corporation) In- TBE. The' small -BamH i-Hind III fragment' was collected into NA45 DEAE paper, 

* purified as desbribed above' and resuspended in'20 lil TE buffer. • r • - " r j / a',' .c,»: r/ >..:.^ 

Fifty nariogranris of Vector^ (pUCQ-MCSI) ahd*300 ng pUC18 polylinker were ligatedJn a 50* ul reaction 
volume On ligase buffer) for '30 minutes' as previously described; the mixture diluted '1:5 in TCM. and 25 til 
used to transform '200 ul competent 0H5a cells. Plasmid DNA was prepared from the* transformants and 

45 screened foir the presence of an Xba I site derived from the polylinker of pUC18 (the>Xbal site in the 
polylinker of plCli9R and pUCG-MCSI is only restricted with Xbal when the plasmid is grown in methylase- 
(dam-) cells) and a'Kpn I sKe derived fronri pUCG-MCSI. The resultant vector was designated pUCG-MCSII. 
The sequence of the polylinker region was as follows: :^ ■ ■ " • - 

5 GAATT CATCG ATATC TAGAT CTCGA GCTCG CGAAA GCTTG 

so CATGC CTGCA'GGTCGACTCTAGAGGATCC 3'- ^ 



iv. pUCG'MCSII to pUCG-MCSII-MHE (Rg: Id) , ; . 

55 To obtain higher leviels of expression of light chain immunoglobulin genes, the mouse heavy chain 
enhancer (MHE) was inserted into the pUCG-MCSII vector to form pUCG-MCSII-MHE. The enhancer was 
positioned In the MCS region such that the immunoglobulin- gene of interest could be inserted :5' or 3' of 
the enhancer or the' enhancer could be located within an intron in the gene. • » - 
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The mouse heavy chain enhancer (MHE) was obtained from a plasmld. pN2JHR1. which is an EcoR I 
subclone of the bacteriophage B122 (obtained from Phillip Tucker, Department of Microbiology. Southwest- 
em Medical School. Dallas. TX) which is derived from NZB liver DNA. Alternatively^ the mouse heavy chain 
enhancer can be obtained from most cloned mouse heavy chain genes, e.g., bacteriophage M23 described 
5 in Marcu et al., 1981, Cold Spring Harbor ' Symposia on Quantitative Biology . 45:839-911. The MHE was 
- subcloned as a 688 bp )<ba'l-EcoR I fragment from pN2JHR1 using the following protocol. 

Fifty micrograms of pN2JHRl were digested to completion with EcoR L(150 units) and Xba J (200 
units), phenol and chloroform extracted, ethanol precipitated, resuspehded in 50 jxl TE buffer,^ and 
electrophoresed through 1% agarose. The 688 bp fragment containing the MHE was electrophoresed into 
10 NA45 DEAE paper, eluted and purified as described above and resuspended in SO u.1 TE buffer. pUC18. 2,6 
ug, was then digested to completion vyith EcoR I (25 units) and Xba I (50 units), phenol and chloroform 
extracted, ethanot precipitated, resuspended In 50 ul TE, and electrophoresed jhrough 1 % agarose.. The 
higher molecular weight fragment was electrophoresed Into NA45, DEAE paper and further purified as 
. described above. Following ethanol precipitation. It was resuspended In 20 ul TE buffer. 5 ml of tha688 bp 
15 fragment from pN2JHR1 were then ligated with 2 ill pUCl8 (final volume of 25 ul) overnight at 15* Q. The 
ligation mixture was then diluted 1:5 in TCM buffer and used to transform 200 ul competent E. coli JM109 
cells, a strain deserved In Yanlsch-Perron ,et al.,..1985. Gene , 33:103-119. Transformants were screened 
with EcoR r and Xba ffor the. desired 688 bp insert. The resultant piasmid was termed pM HE. 

The MHE was then inserted into pUCGrMCSII as an;*EcoR l-Hind III fragment. The Hind III site, was 
20 derived from the polylinker in pUCl8. pUCG-MCSII was digested to completion -with EcoR I and. Hind III, 
treated with CIP (1 ug DNA, 40 units CIP. for 30 minutes at 37'C) and 100 ng was electrophoresed through 
SeaPlaque low melt agarose (FMC Corporation).. About 20 to. 30 ul of agarose : containing the higher 
» molecular weight fragment was. transferred to.a microfuge tube. pMHE was then digested. to completion, with 
EcoR. t and Hind lll. and 100 ng was electrophoresed through low melt agarose. The. agarose (about 20 to 
25 30 ul) containing the 0.7 kb" fragment was transferred to a microfuge tube. The^.two^ agarose plugs, 
containing digested pUCG-MCSII and pMHE.. respectively., were melted at 70* C for 5 minutes and ,5 ul of 
each were then, combined. and cooled to.37*C. The samples were ligated for 20 minutes at 37* C;in a final 
rvptume of 25.ul;in ligation buffer then heated at 70'C for 5 minutes and diluted with^^SO ul JCM buffer. 
, One .hundred microliters of competent DH5a cells were Jransformed with a portion of the ligation; reaction. 
30 -DNA was prepared, from transformants land .screened for the presence of a 0.7 kb. HInd lll-EcpR I fragment 
containing MHE. The resulting construct was designated pUCG-MCSII-MHE. . . , . : ^ 

♦2 -.^ • i- . • ■■■ : - -'r-.L 

v. pUCG-MCSII to pUCG-MCSIIrHCMVE (Figs. 1e and-IQ ,r /^j. : ^ i - 

35 » r.-f >.z..~r' . ^.^-^ ' z ; J' . j. .. ■ ^ > 't ; ■ 

••: The enhancer Jrom the Immediate Early region of human cytomegalovirus (HCMV) was inserted into the 
vector pUCG-MCSII. The resulting plasmid. pUCG-MCSII-HCMVE. formed .the ^^basis . for ^ 

• (described, in. Section ;A.3)> for the expression of kappa Immunogiobulin genes. This.yeiptorxan be -modified 

• . ; similarly to .form a cassette fqr.the expression of heavy- chain or lambda light chain genes. ; ^ ; » « 

40 The plasmid pUC CMV-IE was obtained from Dr. Deriise Galloway (Fred Hutchinson Cancer Research 
Center. Seattle. WA). It consists of a 1.3 kb Sac I-Pstj insert, derived from the Pst I m fragment (Green way. 

• P.-J. et al.-. 1982. Gene . 18:355-360) of the AD189 strain^of human jcytomegafovirus, in pUC18 . The 
sequence of a portion of this fragment can:be found in.Boshart et aI.,.Cell, 41:521-530 (1985). This. fragment 

• contains both* enhancer and -promoter sequences. For . .the - purpose of this Example,- it .was desirable to 
45 remove the 'known promoter sequences from the enhancer iand then to insert .the enhancer sequences Into 

the pUCG-MCSH vector. Briefly, a 655 bp Bal IrSac I fragment from pUC-CMV-J.E ,vyas subcloned into 
' pEMBLia (Dente et ai.. 1983. Nucleic Acids ': Research .- 1 1 :1 645-1 655), This fragment cpntained both 
enhancer and promoter sequences and was designated pHCMV(e + p) (see Figure. 1e). Following a Klenow 
filHn reaction, the Ban l-HInc II fragment from the resulting plasmid was inserted Into the Nru j site of 
so piC19R vector to form pHCMVE. This plasmid contains only the enhancer sequences. These :sequences 
were then transferred into pUCG-MCSII as an EcoR l-Hind III fragment to form pUCG-MCSII-HCMVE. The 
details are provided below. 

Five micrograms of pEMBLIS + strand were digested with Sac I (25 ul volume. 50 units.for,2 hours), 
and were then digested with Hinc II (100 ul volume, 20' units'' for 2 hours). The DMA was* PCI'extracted, 
55 ' ethanol precipitated, and resuspended in 20 ul TE buffer. The DNA was then treated with CIP.. The reaction 
was stopped with nitrilotriacetic acid. . PCI extracted, and run'over a "spun column.? the DNA was ethanol 
precipitated and resuspended in 75 ul TE buffer .to approximately 50 ng/ul. . . . - 

Ten micrograms of pUC CMV-IE were simultaneously digested with Bal I and Sac I (lO units Bal I and 
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30 units Sac I in Bal I buffer, overnight digestion). The entire sample was electrophoresed through agarose. 
Following separation of the fragments, the 655 bp Bal l-Sac I fragment was electrpphoresed.into NA45 
DEAE paper and eluted. 

Approximately 100 ng of the 655 bp Bal l-Sac I HCMV insert were ligated with 10 ng of the pEMBLIB 
5 vector (400 units T4 DNA ligase (New England Biolabs) in ligase buffer lacking spermidine. 25 ul reaction 
volume, overnight at 15* C). The DNA was diluted 1:5 in TCM buffer and a portion was used to transform 
competent 0H5a ceils. Plasmid ONA was prepared from ampicillin resistant colonies and the DNA was 
digested with Hind III and EcoR I. The desired dolonies showed a plasmid insert size of approximately 650 
bp. This DNA was designated pHCMV(e + p). 

10 Ban I was then used to, separate the promoter from the enhancer. The subcloning of the Hinc ll-Ban I 
fragment' of pHCMV(e + p) Into the Nru I site of plC19R was accomplished as follows. Five micrograms of. 
pIClSR was digested to completion with Nru I (12.5 units, 2 hours at 37* C); The ONA Was PCI extracted, 
ethanol precipitated and resuspended In 25 lil TE buffer. The DNA was treated with* CIP," further purified as 
described above, ethanol precipitated and resuspended to approximately 50 ng/ul fn TE buffer. pHCMV- 

75 (e + p) was then digested with Ban I followed by Hinc 11. PCI extracted, ethanol precipitated and resiispen- 
ded in TE buffer. The DNA' was electrophoresed through agarose and the desired 484 bp Ban l-Hinc II 
fragment was electrophoresed Into NA45 DEAE paper. The DNA was recovered as previously described. 
The sticky ends of the Ban I site were then filled In using the Klenow fragment of DBA polymerase (in 1 0X 
BRL nick translation buffer containing dATP. dCTP, dQTP supplemented with ibuCi ^^p-dCTP, 5 minutes at 

20 room ^temperature, followed by a chase with unlabelled dCTP for an additional 5 minutes at room 
temperature). UnincorfDorated nucleotides were i;em6v6d by separation on a "spun colufnifi." The DNA was 
ethanol precipitated and resuspended in TE buffer.' * \ ' j ^ ' ' ' ^ 

Approximately 50 rig Nru i digested plC19R vector was' then ligated with approximately 250 ng purified 
484 bp Ban i-Hinc II fragment (5*mlriutes atTodm temper^u^^ T4 DNA^igase (New England 

25 Biolabs) in iigatioh buiffer lacking spWrnirdlne* iri'a volume of iO lil. followed by 'overnight incubation at 1 5 * C 
with an additional 400 units of ligase in a final volume of 25 ul). A portion of the ligation was then diluted 1:5 
in TCM and used to transform 200 ul of competent DH5a cells. Ampicillin resistant colonies were screened 
for plasmid containing an approximately 500 bp EcoR l-Hind III insert ^in plC19Rl .This Vplasmid^was 
designated pHCMVE. The identity of the insert was further confirmed by lineariHation with Nco I, which cuts 

30 within the enhancer fragment but not within pICI 9R,' and by 'digestion with' Hint I which cuts once within the , 
enhancer arid muitipie times within plC19R. ' : '/ ' ' 

^ The HCMV enhancer was then Iriserted Mto pUCG-MCSIMas an EcoR M-Hind III; fragment Five 
micrograms of pUCG-MCSII was digested with Hind HI arid EcoR I (30 unitsiHihd III. 7:5 .units EcoR* I in 
EcoR I buffer for 2 hours). The DNA was PCi extracted, ethanol precipitated and 'resuspended in TE buffer. 

35 pHCMVE was digested ' to ^'completion Hind' Ml. The DNA 'was ethanor precipitated, 

resuspended in TE . buffer," and electrbphofeseci through agarose.' The 500 bp fragment was collected into 
NAi^5 DEAE pap^ arid then eiuted. Approximately 10 rig pUCG-MCSII (digested -Vith EcoR I arid Hind III) 
were ligated with approximately 250 ng HCMVE EcoR l-Hind Hi insert as described -above: A portion of: the 
ligation reaction was diluted 1:5 In TCM and used to transform competent DH5a cells. Plasmid DNA from 

40 ampicillin resistant colonies was digested with EcoR I and Hind III. A transformant yielding barids of 500 bp. 
and approximately 4.6 kb was designated pUCG-MCSII-HCMVE. The orientation- of the] enhancer was not 
determined. Subsequent experiments have indicated that the enhancer is in the same orientation as the gpt 
gene, (see Figure lf). " ' ^ ' ' ^.-^ -/ ' '^''/^ * ' ^ ' \ 

^6 . ■ • .• ■ ■ : • . ■ • ' ■ 

' b. Modifications of pSV2-neb ' Vector (figs: 2a and 2b) ' • ' • - 

• in this enribodiment of the invention, the pSV2-neo vector (ATCC No. 37149; described by Southern and 
Berg. 1982, J. Mol. Appl. Genet, 1:327-341) was modified to "construct- a cassette" for the expression of 

so immunoglobulFn heavy chain genes. The pSV2-neo vector was modified so that it did not contain a Hind III 
site which 'would interfere with later cloning steps. 'Briefly/ this was accomplished' b'y'digesting pSV2-neo 
with Hind HI. making.the termini blunt ended with the Klenow fragment of DNA polymerase." self-ligating the 
DNA and using'it to transform competent bacteria. The procedure was similar to that'used for rriodifying the 
pSV2-gpt vector, described 'above.* except that "pSV2-rieo; was digested only with' Hind Hj and the gel 

55 purification step was omitted' and replaced'' with a phenol' and chloroform extraction: The resulting vector, 
was designated pN;1 (also referred to in copending U.S. parent application. Serial No. 114.632. as pN). 

A second vector was then constructed from pN.I. in which a Not I restriction site was added at the Nde 
I site. Not I restricts mammalian DNA only rarely and does not cut pUCl8. pBR322. pSV2-gpt. pSV2-neo or 
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any of the heavy or light chain genes tested (see infra) . Thus, inclusion of this restriction site in pN.1 
facilitates the ability to linearize, at a predetermined site, the vectors described Infra. As depicted in Figure 
2b. 1.25 HQ of pN.1 was digested to completion with Nde I (40 units for 2 hours at 37* C). The following two 
linkers, each at 0.56 mg/ml, were combined and heated to 65* C for 10 minutes and then cooled: 

5* TACCGGCCGCA.3' - 
3« CTOCOiCGTAT S* V 

When annealed, these linkers form a Not I site. 50 ng of .the iinearized pN.1 DNA were ligated with 2.8 ug 
of. the linker oligonucleotide mixture in ligation buffer, using ,t unit of T4 DNA llgase (Boehringer-Marinheim) 
In a reaction volume of 20 ul overnight at 14* C. The ligation reaction. was then ethanol precipitated and 
resuspended in 50 )i[ TE. 10 ul of the resulting mixture was used to transform ?50 ul of competent E. coli 
JM83. cells (ATCC .35607)^ Ptasmid DNA was prepared from transformed colonies and those which 
contained a Not I site were selected. The resulting vector was designated pN.2. 

2. Heavy Chain Cassettes - r • - - . . , 

It was desirable to construct cassettes comprising heavy .chain constant region genes in the veptor such 
that the variable region' gene could easily be Inserted s'. of .the constant region ^gehe to produce an 
expression vector containing a complete and expressible heavy chain gene. This ""was accomplished by 
inserting the heavy chain constant region gene into a modified, vector along with.a short polylinker 5 of the 
constant regjon gene., The yarlabie region genes were then inserted into' the polylinker region/ ^ 

a. y2 Heavy Chain .Cassettes , . r.. - - > ♦ . .. / : - . - . t 

In this Example, . a phage clone, Phage^SA (Ellison and Hood. 1982, Proc. Natl. Acad. ScL. ,79:1984- 
1988) was used as a source of the germline yZ gene. This clone had been obtained by screening a human 
fetal liver genomic DNA library, with a ^3 cDNA constant, region probe (pOMMC, .described in Alexiander et 
al.. 1 982,. Proa . ;f^atl. i Acad. Sen USA, 79:3260t3264). . * ' ' ^ • , 

BnWiy, :the.. cassette was..prepared as follows. A Hind 111 fragment "from^Phage 5 A., contain the y2 
gene,. was siibcione^^'nto .pUCl8 in the orientation such, that the 5'. end ^was adjacent to the polylinker 
region. This construct was then digested with BamH I, .thus releasing the, ^2 gene with a polylinker at the 5 
. end. the isojatedrfragment was* men .cloned into the BamH j sites of pG iid pN.1. forming the cassettes 
pGT2.and pNy2, respectively. . ^j^.. ■ . 3, ." V ' r. . • • • -t. •. ' * 

I. Phage 5A to py2 (Fig. 3) , , ^ ^'^^ -;i> : r . .... > . - : - . 

The DNA containing Ihe 72 gene was prepared by digesting 1 ug of Phage 5A with Hind llj (20 units), 
extracting with phenol and chloroform, ethanol precipitating and resuspending to 20 ng/u! in TE buffer. 
pUCIS was then digested with Hind III. treated with CIP, phenol and chloroform extracted, ethanol 
precipitated and resuspended to 50 ng/ul in TE. One hundred ^nanograms of digested Ffhage 5A were 
ligated to 50 ng pUCIB with 100 units T4 DNA llgase (New England Biolabs) in ligation buffer. The ligation 
mixture was used to transform competent DH5a E. coli and the bacteria were plated. on agar containing 100 
ug/ml ampicillin and-X-^al as a cplor Indicator. ^ - ?, . 

Plasmid DNA was prepared _ from the white colonies; which resulted „from. the transiformation. The 
plasrnids were first, screened for those containing the correct .insert, and then screened for those; containing 
the insert . in the desired orientation. In the . selected, colonies, digestion of plasmid DNA with Hind III 
produced fragments of 2.7 kb^(derived from pUC18) .and 6.0 kb/, (containing trte 'y2 *gene). The latter 
fragment hybridized , with a y3 probe (p3.8RH4.2,, described in Krawinkel and, Babbitts , 1982. EMBO J^, 
1:403-407). BamH I digestion of plasmid DNA produced fragments of 2^9 kti and 5.8 kb, while EcoR I and 
Xho I double digestion produced fragments of 5.8, kb and .2.9 kb. The resulting plasnild was termed Qy2. 
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H. Opt system: py2 to PG72 (Fig. 4) 

p-ya was' digested with BamH I to release the y2 insert. The. DNA was then ethanol precipitated and 
resuspended to 1 ag/ul in TE buffer. Ten micrograms of the BamH I digest were then digested with EcoR 1 
5 to minimize the religation of the pUC18 portion of the molecule. The sample of digested py2 DNA wasjhen 
fractionated on 0.7% low melt agarose gel (SeaPlaque, FMC Corp.) in TAE buffer (40 mM Tris-acetate and 
1 mM EDTA) containing 0.25 ug/ml ethidlum bromide. The band containing the yZ gene was excised (20 to 
30 ul) and melted in a 1.5 ml microfuge tube at 70* C. : . , ♦ 

The vector. pG. was then digested to completion with BamH I, phenol and chloroform extracted; ethanol 
10 precipitated and resuspended to.-1 iig/ul in TE buffer. One- microgram of ^the digested pG DNA.was-.treated. 

• with 19 units CIP-'and 5 ul..(0.05 ng) was fractionated on a 0.7% low melt agarose gel in TAE buffer with 
0.25 ug/ml ethidium bromide. An agarose slice (20 to 30 ul) containing .the linearized DNA was excised and 
melted at 70* C in a 1.5 ml microfuge tube. ^'1: « • . 

• To insert the y2 gene into the pG vector, 2 ixl of the melted agarose containing the BamH I-dlgested pQ 
IS vector were combined with 2 u! of the melted agarose containing the. ^2 gene and ligated'as descrit)ed 
above. The ligation mWure was heated t0'70' C^for 5 minutes to remelt the agarose, diluted 1:5 in. TCIVI 
and 40 U.I used to transform 200 ai competent DH5o cells. The bacteria were plated on agar containing 100 
ug/ml ampidllin. DNA was^prepared. from 2 ml ovenriight cultures of each of. the resulting colonies and. the 
' DNA was screened for the 72' gene in the pG vector: This DNA was termed PQ72. The ^2 gene .was found 
20 to be in the sarhe orientation as the; gpt -gene. This was determined by double digestion, with EcoR. I and 
' - Hind Illy which produced bands of 4.45Tcb and 6.75 to^ ' * i t . U r ru. 

'^^i' Neo.system; 'py2 to PN72 (Rg. 5) • . » . ' . . . , . 

The 72'gene_was inserted, into the pN.I. vector. essentially as descri.bed , above forJts insertipn Into the 
pG vector. The insert containing the 72 gene was prepared from P72 as described above. The pN.1 vector 
was prepared as follows: pN.1 was digested to completion with BamH I, then phenol and chloroform 
extracted, ethanol precipitated and resuspended to 0.1 ug/Ul in TE. The BamH I digestedrDNA was.treatecf 
30 with CIP (1 1 units per 0.5 ug DNA). and 0.1 ug of the DNA was fractionated on a 0.7% low melt agarose 

• gel In TAE.buffer .with 0.25 ug/ml ethidium bromide. An agarose. slice (20itor30 ul),containing the linearized 
'< DNA* was excised arid melted at 70 * C In a-liS ml microfuge: tube. o. »• . . . » jrr* ir-r^o^, ir^' ». . 

• To ligate the P72 insert:: with r the pN.1 .vector..2 ul of the. melted agarose containing qN.lsdigested with 
BamH.I;were;combined..withi,10.ui.of the.melted agarose containing the 72 gene>rand ligated jaSi described 
35 i above. The;Iigation mixture iwas^^thenMheated .to 7.0* Cj for 5^mlnutes to remelt the^agarose^,,'diIutec[,j1:2 in_ 
TCM and .50 uj was. usedtto transform,200>ul competent ^DHSaiceJIs, The agar 
: containlngil 00 ug/ml;ampicillln*and 0;5%. glucose.: i^ s^ -JG '-vr * yai- . 00 yfJ' "o v: /'.jt 

•'fjfPtrDNA was prepared from ovemlghtfcultures of .each of the/resultant colonies: and the. DNA was.screened 
for the 72 gene in the pN.1 vector.iA.comblnatlon pf;BglJI and BamH/|:doub!e dlgestsr.BgIiltslngfe,.<j^^^^ 
40 and . EcoR I and Xho I double digests 'showed, that two .copies of the, ^2 jgene had been. inserted in -a^head to 
tail configuration, but in the opposite .orientation . as the^neo, gene.,, This,; DNA is .tenried :pN(72)2-, As 
explained below, digestion of pN(72)2 with Hind III removed the second copy of the 72 gene and allowed 
insertion of the variable region gene, so this vector was used without further modification. However, as 
shown in Figure 5, for future use, pN(72)2 was also digested with Hind III and religated so that only one 
45 copy of the 72 gene would be present. This new vector was called PN72. ~ 
' ' tA' : • , ' * i . : ' : . ^ • > • •.• 

• b. 71. Heavy Chain Cassettes • . - r Mtn.j 

50.. .. Other -heavy ^ chain cassettes-: containing a human .7^^ heavy, chain, constant, region -.gene ^ were ^ also 

constructed. According to this embodiment, a phage clone. Phage 3A (Ellison et ai., 1982, Nucleic Acids 
,Reseairch.-f10:'i4071r4079) wasjused as^a^.source oi the germline C7I gen^ (see Rgure 6). This clone was 
' . obtained jn an identical manner to Phage 5A, . described above. . , ^. . . .. . j - . .^ 

r. ;/u' Three different 7I 'cassettes were,made:.-a)-pN7l.1. which contains extra. sequences both 5,vand.3 of 
S5.1; the :codlng. region ofi the 171* constant] region gene, :b) pN7l :2, .which lacks .the? extra sequences,- 5,, of the 
. gene and cj pN^l .3,, which. lacks the sequences:bpth 5* and 3'' of the gene (see Figures (10-12). Briefly, the 
7I .cassettes were made by first subclpning the appropriate sequences of the C7I gene into pUC and plC 
. -vectors adjacent to, the polylinker regions of those^vectors to produce: P7I.I. P7.1.-3 and P71 .4,, respectively 
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(see Rgures 6-9). (P7I.2 was produced from p-/1.1 as an intermediate vector and was used tn the 
production of p7l,3 and P7I.4). The C7I sequences were then removed from these vectors along with the 
desired polylinker sequences and inserted into pN.1 (described above), to produce pN-rl >1 or into pN.2 
(descn bed above) to produce pN^l^ or pN^l^. The detailed procedures used to construct these cassettes 
5 were as follows: ' 



I. pyl.l (Fig. 6) L - - 

' *- * ^ *" ■ . .3' i- u'. » ' 

70 ■ ' • 2^u.g of Phage 3A DNA were digested to completion .with Bam H.l,., PC i. extracted, ethanol precipitated 
and resuspended in 20 ul TE (0,1 mg/ml). 10 ug of pUCIS were digested to completion with BamH 1. PCI 
extracted, ethanol precipitated and resuspended in 44 ul H2O. The DNA was .then treated with CIP (28 units 5 
from Boehringer-Mannheim), PCI extracted, ethanol precipitated and resuspended in TE to 50 ng/ixl.:200 ng 
of the BamH I digested phage DNA was then ligated to 200 ng of the BamH I digested and phosphatased 

75 pUCia with 400 units' of T4 DNA ligase (New England Biolabs) for 15 min. at room temperature in ligation 
buffer in a final volume of 20 U.I: The reaction was then diluted to 80 u.1 with ligation buffer lacking PEG. . 160 
units of T4 DNA ligase* (New England Biolabs) was- added and the mixture incubated overnight atM5*C- 5 
ul of the" ligation mixture was then" used to transform 200 ul. of . competent. JM83. cells. The -transformed 
bacteria were plated in LB-agar containing ampicilirn (100 ug/mi) and- X-gaNas a* color indicator: {/White 

20 ' colonies were piclced and streaked onto a plate containing LB^agar and ampicillin. These colonies were 
grown and then screened by colony hybridization, using a nick-translated y3 probe, an EcoR l-Hind lllj Insert 
derived from p3.6RH4.2 described by Krawinkel. supra and Flanagan and Rabbits. 1982. Nature . 300:709- 
713. 

DNA was prepared from those colonies which hybridized with the: probe.-.The DNA was digested with 
25 BamH I, electrophoresed, photographed and transferred to nitrocellulose and hybridized with the'same 73 
' 'probe. DNA containing a 10.5 kb insert was* detected and the. resulting vector .was designated.p7l.l: 

**' V" ~ , ; ^ *' . ■" • >■* ** " ' ■ ' ' * . •,- '» ' 'i • \ *. .* ' ■ .> 

• " J- -ou ■ I. : . ' ' . V . - ., ; . .. -i^.:: 

II. p7^'.2 (Rg. 7)v : ' * - . .:: . i^.- . ' :* - 

P7I.I was digested to completion with Hind 111 and.2S0 ng of;.the*DNA was self-'iigated using 1 ul of T4 
DNA ligase (Boehringer-iy/1annheim) for 30' min. at 37' C The volume was brought^to* 400, ul .with TE^and 5 
ul was 'used to transform-50 o.l'^of competent 0H5a cells; The transformed bacteria were .plated on LB-agar 

• • plates containing ampicillin at 100 ng/rnl. -12 colonies were grown up overriightVin* LB' broth* containing 1% 
35 glucose' and 100 ug/ml ampicillin. DNA was prepared frorricthe overnight growth) and digested with - Hind III 

Mo pro'duce a linearized fragnrient of 'about'8 t 9 kb (2.7-kb'pUC18 plus 5:3ito:6.3 kb 7I sequences). The 
identity of the construct was further, confirmed by digestion with Hind • III j and;:- BannH I :Cwhich produced 
' fragiTients of about 5.8 and 2:7- kb' and by >digestioni with. Hind lir and Pvu II whichuproduced fragments of 
-approximately 3.0; 2.8,* arid 2.2 kb^and a smaller undetectaW : ! i. ^. .* , : rc' 

40 ^ This step served to-delete. from the P7I.I .DNA '4fkb s' of the coding regions of the C7I gene and 
confining the switch region.- 'Tills intermediate* vector >Afas called p . ..).. :. .1. 

iit. p7l.3(Rg. 8) • - ' ' ^ * 

75 ug of P7I.2 was next digested to completion with Hind III (300 units, 200 ul reaction volume). 3.75 
ug of this DNA was then digested with 29 units of BamH I and the fragments were separated on a 0.8% low 
melt agarose gel as described. A 5.8 kb fragment was purified using GENECLEAN '(5 ul GJassmilk) (BIO r- 
101, CA) according to the manufacturer's instructions and resuspended in 50 ul TE. Ge\ electrophoresis 

50 showed the coriceritratidh to be -approximately 50 ng/ul. giving a total recovery* of approximately 2.5 ug 
DNA>:rl'.'' ' • ' ■ - -^^k :'-;f . 

'9 ug of plCl9R was digested with 30 units of BamH i' and then 30-units of 'Mind lIMn a firial jvolume of 
60 ul. 250 ng of the 7I insert were ligated with 50 ng of plC19R DNa in > a reaction volume of 20 ui^using 
ligation buffer and 1 unit of T4 DNA ligase (Boehringer-Mannheim) for 20"min:':at'37r;C; 3 ul of the ligation 

55 mixtureWs then used to transform' 100 lilbf corinpetent JM83'cells.' The transfomied bacteria were plated 
on LB-agar containing ampicillin (100 ug.ml); The* presence of the ' C7I insert- In ^selected colonies, was 

• determined by digestion of the DNA with* EcoR I, which ^ released' a 6 kb fragment. The orientation of the 
insert was then conflirmed by 'dlgeistioh with Hind 'III and Pst 'l. which produced a 0.85 kb-fragment showing 
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that the S end of the Cy^ gene was closest to the Bgl il site in the polylinker. This construct was named 
Pt1-3. 



5 W\ pyl.4 (Hg. 9) . • . • ' 

. ~' . - •! ■: -.• . . / .. . . . / .... 

According to another embodiment. 75 ug of P7I.2 was digested with Hind III as described in- the 
section above. About 40 ug was further digested with Pvu 11. The DNA was ethanol precipitated and 
resuspended in 200 ul TE. 2 ug of the DNA was further treated with CIP (1 ul fronn Boehringer- Mannheim) 
10 for 20 min. at 37* C in a reaction volume of 25 ul. The volume was then increased to^SO ui; an additional 1 
ul of CIP was added and the reaction was incubated for 30 min. at 56 * C. 50 ul of TE was added and the 
reaction was phenol extracted and ethanol precipitated. The DNA was resuspended in 25 ul TE, giving a 
concentration of between 0.05 and 0.1 ug/ul. The DNA was then separated.on a 0.8%'low.melt agarose gel 
as described. Two' upper bands of approximately 3.0 and 2.8 kb were separately excised and then purified 
is using GENECLEAN (5 ul Glassmilk) according to the manufacturer's instructions. The DNA was resuspen- 
ded in 50 ul-TE to a final concentration of approximately 30 ng/ul. 'Jji- ■ > -.: . 

9 ug-of plC19R was digested first with 30 unrts of. Sma I and then with 30 units of. Hind 111 in a final 
volume of 60 ul. 210 ng of the Hind- lll-Pvu II >1 insert isolated. as described! in the paragraph '^above^was 
then ligated with 50 ng plC19R in a 20 ul reaction volume contalning~ligation buffer with PEG and :1. unit of 
20 T4 DNA llgase (Boehringer-Mannheim)' for 20 min. at 37*C; 3 ul of : the 'ligation.' mixture was used to 
' •'"transform 100 ul of competent JM83 cells and the transformed bacteria were plated on LB-ragar. .containing 
100 ug/ml ampicillin, / .tv»r:: 3.. . . ; . .. 

DNA was prepared from overnight growths of transformants and digested with EcoR I. Inserts of both 
3.0 and 2.8 kb were seen, corresponding to the two bands excised from the low melt.agarose gel. In certain 
25 transformants, the Insert was shown to be y^ by digestion with Pst I and with Hind> III :plusw Psti I. The 
transformants containing the y^ gene produced Pst I fragments of 3.7 and 1 .85 kb, while Pst I pfiis Hind Hi 
•-digestion produced fragments'] of 'i2.85; 1.85. and 0:87 kb. The DNA construct of .these transformants was 
named py1.4..»'' ^ • . • ".v. r" .1' !*:. .t.' • •^0:1^ * v. -i • :.• * m : ^n^..ij ^tt-i 

•The next -step in the construction of- the:. 0^1* heavy chain . cassettes of this embodiment^involved 
30 removal of the C-yl seqtiences from the'vector's just described and their Insertion- into vectors. pN.1 or{pN.2,' 
described earlier in Example i;'A.1'.b, to form the. heavy.chain* cassettes: pNylil. QtAy^,2i and PN7I.3. 

-'V-v;s 'v.. .. .: ' ..^ , : •■ 

'-t/ ' ' . ■ ■ - ■ ^ I'' - " ■* : zi*]"*"' "' -y t, r. ' * J* C'*^ 

' V' ^pNV^'^ (Fig. 10) ^ • ' '- ' t -.^rv ' ' - • ".<,,vt 

— 2.4 Tug- 'of pN.l- 'was^'digested -with' 99 . units of 'BamHv I.* phenol extracted.*^* ethanol:. precipitated and 

- *u resuspended ^In 5b ul Te^Cgiving: 0.05 'ug/ul)i'pVl'-1-wasi also digested with.iBamH I.' Approximately '1 ug of 

- * the'pvi'.i "digest was.'conh bihed'^ with -100 ng of the pN.I digest in ligation' buffer;in .a; volumeiof ;98!ur and 
' " hisated'to 65 '^C» for -5 'min.i 2 ul of T4 DNA ligase (New England Biolabs) was added and :the .sample^was 
40 incubated for 30-mln: at room temperature followed by overnight incubationrat 14*;C. i10-50 ul of the ligation. 

• reaction were used to transform "^200 'Ut of competent DH5a^cellsr The bacteria : we plated onilBragar 
' containing i lOd u*g/hnl amplcillln and 200 'ug/ml'kaharnycln:i Transformants were screened4or the? presence 
df' plasmid DNA containing: a' 9-11 kb^BamH !>• insert. Transformants. containing ah approximately i 9.6 kb 
insert in pN.I were selected. The -DNA was also digested with Hind III and BgMI to confirm the presence of 

45 the 'y1 insert and to deternnine its orientation. ''As expected. Hind III linearized the DNA: Bgl II -digestion 
produced fragments of 2.1 kb and approximately ,10. kb.; This is consistent with-the yA gene beingijn the 
opposite orientation to the neo gene if we postulate a deletion including the Bgl;:ll site 5> of the .7I coding 
region (see Figure 10,'wherein the deleted: Bgl 11 site is shown in. parentheses).! Hind Ml plus Bgl il digestion 
produced bands of 2.1 and a doublet at about 6 kb. This Is consistent t with :the orientation and deletion 

so which we believe occurred. The vector Isolated from these transformants was designated pN'yI.I. 



vi. PN7I.2 (Fig. 11) ' ' 

55 2 ug of PtI.3 was digested with 44 units of BamH I and then 20 units of EcoR I. lO ug of pN.2 was 
digested with 20 units of BamH I and 20 units of EcoR I. ethanol preci(5itated. and resuspended' irf 22 ul TE. 
The DNA was phosphatased using 1 ul CIP (Boehringer-Mannheim) .at-56. ' C for 30 . min. The DNA was 
phenol extracted, ethanol precipitated and resuspended in 100 ul TE. ' . - . 
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50 ng of pN^ was combined with 250 ng of P7I.3 and llgated with 1 unit T4 DNA ligase (Boehringer- 
Mannheim) in ligation buffer to a final reaction volume of 20 ul for 25 min. at 37 *C. 15 Ul of the ligation 
mixture was used to transform 100 ul competent DH5a cells. The bacteria were plated on L6-agar 
containing both ampiciiiin (100 ixg/ml) and kanamycin (200 ug/ml). Transformants were screened by 
s digesting the plasmid DNA with EcoR I and screening for a linearized DNA of approximately 1 1 kb. The y1 
gene could only have been inserted In an orientation opposite to that of the neo gene^ The vector isolated 
from such transformants was termed PN71 .2. . 

70 vii. PN7I.3 (Rg. 12) . 

2 ug of p'yl .4 and 10 ug of pN.2 were each digested with 20 units of EcoR I. The pN.2 digest was 
ethanol precipitated; resuspended in 2 ul TE and phosphatased with 1 ul CIP (Boehringer-Mannheim) for 30 
' min. at 56' CThe DNA. was then phenol extracted, ethanol precipitated and resuspended in 100 ul TE. 50 
IS ng of digested pN.2 was combined with 250 ng of digested P7I.4 and ligated with 1 unit^T4 DNA ligase 
(Boehringer-Mannhei'm) in ligation buffer to a final reaction volume of 20 ul for 25 min. at 37* C. 15 ul of the 
ligation mixture was used to transform competent DH5a *cells. The bacteria were plated on; LB-agar 
containing both * ampiciiiin (100 ug/ml)= and . kanamycin ' (200 'Ug/ml). /'Transformants were screened by 

• digesting the plasmid Dl^ with EcoR I for the presence of an approximately 3 kb insert; The orientation of 
so the insert was then detemnined by digestion with Pst I. The vector containing the 7I gene .In the*opposite 

•: orientation to the neo gene was called pN-yl.3. (The vector containing the 7I gene in the: same orientation 
as the neo gene was called pNyl .4). 

25' 3J Kappa Light Chain Cassettes (Fig. 13) .^ . j: * i- u. 

The: human: kappa constant region gene .Cx' was .Inserted into the: pUCQ-MCSII-HCMVErvector as an 
EcoR I fragment into the vector's EcoR I site, and in the same orientation as the gpt gene..^ 

• 'Approximately 1.5 ug pUCG-MCSII-HCMVE were digested with EcoR I (15 units., overnight digestion). 
30' 'The DNA.was'Jelectrophoresed through agarose'and the linearized fragment vcollected* into NA45 DEAE 

paper, then eluted as previously described. Followlngrethanol precipitation, ^the DNA was:resuspended in 20 
ul TE buffer and treated with CIP as described above. 

pCx is a pEMBL 18 based plasmid containing the 2.7 kb Eco Rl fragment (containing the Cx gene) 
derived from the x phage clone described by Hieter. 1980, Cell, 22:197-207. pCx was digested vyith. EcoR I, 
35 the DNA electrophoresed through agarose, and the Cx insert collected into NA45 DEAE *pap"er. The DNA 
was ^ eluted and -.further purified by passage , through ;ajr,spun-column."-. Approximately 120 -ng .Cx EcoR I 
insert was- Jigated with approximately.^lO rng- pUCG-MCSII-HCMVE linearized- with EcoR h (ligation .buffer 

• lacking' spermidine). A portion of the ligation mixture was dilutedj1:5 with.JGM and usedito.i transform v 100 ul 
• vcompetent' DHSa: cells. Plasmid tDNA-^ was . prepared ^from- ampiciiiin .resistant ^colonies; ThebDNA- was 

40 -'' screened for ^ the desired insert. (Cx) 'by ^EcoR I digestion: A single- colony^was; identified as containing the 
.desired insert; however.-^ Sac Idigestiont. showed, .that the:'Jnsert).was»inot. in^the desired- orientation. The 
plasmid DNA (200 ng) was therefore digested with .EcoR .r and ligated (25 ul reaction. vol u me ;} 70 1 units T4 
.DNA ligase (New England. Biolabs)* in ligation buffer lacking .both;PEQ and spermidine; i15* C overnight). A 
portion of '.the ligation mixture was diluted;.with. TCM .and used to transform competent cells as described 

45 above. Due to the high background of* transformants containing vector without the Cx insert,- the. ampiciiiin 
resistant colonies were screened by colony hybridization with purified Cx; insert (2 hrr hybridization with 5 X 
10^ cpm/nil; filters washed twice for 30 minutes at. 65 'C In 0.1XSSC, 0.1% SDS; film-exposed 2 hours). 
DNA from 24 of the hybridizing colonies was screened by' Sac I digestion for the desired orientation. The 
desired-plasmid was designated pGEMCx. • * • r :v - ... . » r.-. 

50 •■ i . . ■ r : . ' . . • 

B. Heavy Chain Gene Constructs 



1* Heavy Chain Variable Region Gene Cloning -tt, r ; 

• *» Both rearranged heavy 'chain alleles from* each eel I line were cloned and each inserted into a heavy 
chain cassette (e.g., PG72. PN72 or PN7I .1-.3) in the appropriate orientation; it was then determined by 
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transfection which one was translated into a polypeptide chain which combined with the appropriate light 
chain to ultimately bind antigen. 

5 a. Library Constriictfons and Screening 

In this Example. Southern Transfer analysis with the human Jh region probe pJn (Rgure 14), was used 
to determine' the size of Hind III fragments of DNA from cell lines '4B9 ' and 9D1 that would .contain 
rearranged Heavy chain VDJ genes. Furthermore, it was important to determine that the Hind III fragments 
10 Were of sufficient size to contain' the complete variable region gene as well as sufficient upstream 
sequence's to promote adequate levels of transcription. This was determined by measuring the distance 

- from the Hind III site in the Jh-Cu intron to the s' most Jh element, and adding approximately 2kb for L-V 
and promoter sequences. * " • - 

Bacteriophage libraries were made from Hind III digested and size-fractionated genomic ONA from cell 
15 lines 489 and 901 . The libraries were screened with the J region probe. ONA was prepared from the 
positive plaques and the variable region genes were then subcloned into pUC18 to facilitate mapping of 
restriction" sites and identification of duplicate clones. The variable region genes of 489 were:then inserted 
' * Into the pGyS cassette or the PN7I.I-.3 cassettes and the variable region genes of 9Drinserted into the 
pNy2 cassette, both described above, to form expressible heavy chain genes. 
20 ' ■ ' ' ■■ ' • ■' . •. . . * ' . - , . ■ - 

i.' Vector'Construction (XL47:1) ' " : /i; ... 

• In this experiment, the bacteriophage XL47.1 was used as a -vector; E. coll strains LE 392 (ATCC 
25 number 33572) and 803 supF (obtained from Dr. N. Hozumi. Mt. Sinai Hospital, Toronto, Ontario) were used 

• as hosts for bacteriophage growth. xL47;1 is described in Manlatis et al.i ^ Moiecular ' Cioning, A Laboratory 
' Manual, *'^ p;''41 and Loenen and Bramm'er, l9iB0, Gene; 10:249. To' use* XL47.1 as a vector. the middle 

• "stuffer" fragment was removed, thereby allowing for the incorporation of i foreign DNA.- Briefly, this was 

• accbftiijlished by * ligating the cohesive ' ends of the vector, digesting -the '.vector with' an appropriate 
30 restriction endonuclease that removed the stuffer. and then separating'- the bacteriophage 'arms' from the 

' stuffer piece by centrifugation through a siicrose 'gradient. " / • • » 

' The experimental procedure was as follows. The cohesive ends of lOO ug XL47.1 :DNA were annealed 
by incubation in buffer containing /10 mM MgCb and 150 mM Tris,>,pH 8.0, for 1 hour .at 42* Cr The 
' 'annealed ends were then llgated and' the- Kgase then heat inactivated. For the preparation.of Hind III arms, 

35*'' the vector DNA was then.'digested to completion with both Hind III and BamH I. The latter enzyme served to 
"'further digest the ' stuff er piece such that its ends (BamH- l) were no 'longer :Compatible with those of the 
vector ^arms (Hind 1!l). The vector was Jhen treated with bovine "alkaline • phosphatase so .that the bac- 
teriophage" arms c^oujdrnot ligate to each The DNA was then phenol and chloroform-extracted, ethanol 
predpltated and resuspended in TE buffer. yi '-^f ' 'j- :y:r jM , .-j j..-. 

40 •■" Fifty micrograms of- the' digested bacteriophage ONA* were-.then layered .onto 3-40 ml llnearri 0-40% 
sucrose gradient in 20 mM Tris. pH 8.0. 1.0 M NaCI. 2.5 mM EDTA.fThe .tubes wereicentrifuged at 26,000 
rpm for 20 hours at 20*C in a SW28 rotor (Beckman). The gradient was tapped from the bottom and 
fractions containing vector arms, but no stuffer piece, were identified by electrophoresing a small sample 
through an agarose gel. DNA was recovered from these fractions by ethanol precipitation and resuspenslon 

45 in TE buffer. 

* In some instances an alternate but less efficient procedure was utilized. Briefly, bacteriophage arms 
^ were prepared by digesting .XL47.1 ONA with either^EcoR I or Hind III, annealing of the cos sites, separating 

- by sucrose gradient cehtrifugatlon, and pooling of fractions which contained phage arms* but not the stuffer 

• fragment.' The 'phage arms'gave a high background, so the ONA was further digested with BamH i to cut 
so - any contaminating stuffer fragment. This significantly reduced the background . seen during ligation and 

packaging without the addition. of any insert ONA. . . ■ ■ j .>...:■• . . 



^ii.' Genomic DNA Extractions . : v 

55^ ' .»•• • • : ■ ; . ^ . - 

Total high molecular weight DNA was purified from 1-2 x 10^ cells of 4B9 or 901 essentially according 
. to the procedure of Perucho et al., 1981, Cell , 27:467-76. Briefly, the cells .were washed by centrifugation in 
:PBS (phosphate buffered saline) or TBS (Tris buffered saline) and then lysed in a Tris. buffer containing 
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SDS. EDTA and proteinase K. Following proteinase digestion, the DMA was extracted with phenol and 
chlorofomi, ethanol precipitated, and resuspended in TE. The sample was then digested with RNAse A, and 
again extracted with phenol and chloroform, ethanol precipitated and resuspended in TE. The procedure is 
described below in more detail. 
5 Approximately 1-2 x 10^ 4B9 or 9D1 cells were obtained from cultures and centrifuged at 1.000 x g for 
10 min. The cells were resuspended in 50 ml TBS (8 g NaCI. 0.38 g KCI, 3.0 g Tris base per ilterrand 1 N 
HCl.to pH 7.4), or PBS. centrifuged. resuspended. and .centrifuged again. After theJinal .centrifugation, the 
cells were resuspended in a small amount of PBS or TBS. In some cases, .they .were stored at -20 'C. For 
each 108 cells. 5 ml of. lysis buffer (10 mM Tris, pH 8, 50 mM.EDTA, 150 mM NaCI) containing 200 wg/ml 

w Proteinase K (Boehringer Manheim) was added. This volume is henceforth considered to be one volume. A 
one-fortieth volume of 20% SDS was added, the tube quickly mixed, and then incubated. overnight at,37'C. 
One volume of 2X phenol extraction buffer (10 mM Jrls, pH 8. 12 mM EDTA, 6f5p mM NaCI) was then 
added, followed by two volumes of phenol (equilibrated with Tris to neutral. pH) containing 0.1%,8-OH 
quinoline.,The tubes were covered, mixed gently for 5 to 10 minutes, then centrifuged at .2500 rpm for 20 

15 minutes. The aqueous phase was transferred to a fresh tube and the phenol extraction repeated 1 to 3 
times until the interface had disappeared. *The aqueous, phase was again transferred to a fresh tube, and two 
volumes of PCI added. The tube was mixed, centrifuged, and the aqueous phase, transferred to. a. fresh 
tube. The PCI extraction was repeated 1 to 3 times until the interface had disappeared; The^aqueous phase 
was again transfen-ed to a fresh tube and, extracted twice with chloroform, Isoamyl alcohol (24:1),, Finally, 

20 the aqueous phase was transferred to a fresh tube and gently overiaid with four volumes of ethanol. The 
tube was gently mixed by inversion until the DNA had formed a tight clot. The DNA was removed with a 
glass rod and rinsed sequentially with 70% ethanol in ethanol dilution bufferj(10»,mM; Tris, pH 8. vIO mM 
EDTA, 150 mM NaCI). 85% ethanol and 100% ethanol. The DNA was dried^by absorption of the' ethanol on 
a* paper towel and .resuspended in a few ml TE buffer' overnight at .37[Q, Thisivplurne is henceforth 

25 considered to be oneTx^blume. . • ' / .• - : ^ ' ' ji^: b,"^: ^ ' - M.ti 

One^vqlumo of 2X RNAse A- buffer (100 mM Tris. pH,8, 20 mM : EDTA.,. 2a mM NaCI), was added, 
followed by RNAse "A (Sigma, #B-5125) to lOO iig/nnl .(thejRNAse A had previously been-, boiled x for 30 
minutes to- remove trace DNAse activity). This *mi3cture; was Jncubated for 3. hours at 37 * C. Qne-fifthjvolume 
' . of 3'.M sodium acetate was added,, the.. DNA. extracted twice,owith phenol/chloroform, precipitated with 

30 ethanol and resuspended in TE as described above, -u.. , j-^- i : - .-u . . ; . . . 

As a source of germline DNA. high molecular t weight DNA vyas prepared Jrom« cells .o,f humanrplacenta. 
Connective tissue was'removed from about 5. grams of the placental tissue: the tissue.was minced with a 
scalpel and then rinsed three- times by centrifugation,and resuspenslon In TBS, each at .1 ,000 x:g.at 4* C for 
10 minutes ' each. The tissue (3:5 . g) was resuspended in* 20 ml, TBS. homogenized sin a motor ..driyen glass- 
as teflon homogenizer. 'centrifuged. again for:»10 minutes at 'l.OOO x g, .and ^resuspended Jn? 3.5vml TE.. This 
•V formed a very thick suspension.:'Lysis.buffer'.was jadded^(0.5 ;M EDTA,.0.5%i.Sarkosy!, and .1.00 .ug/ml 
•• Proteinase K) and Jncubated /atiSO* C for. l hour.r.then overnight at 37 *C. The remainder of the procedure 
• • was as described t by- Mahlatis et:al., :1982, Molecular ." Cloning, A . Laboratory. Manual , page , 280,. which is 
incorporated by reference herein, except that following RN Ase-, A- digestion ^and/ prior/ to, e)^^ 

40 " phenol.-the sample was. again- digested, with _Proteinase.->iK (100* iig/ml) overnight^catrSZ* C:- The final 
concentration of placental DNA. was 0.15 mg/ml.< isl • iV * ' -^.i .z- - . 

■ . ■ • - ■ • . , ■ s — r . - - • . ' — 

iii. DNA Hybridization ' Probes ' -; *.' • . ■ «:* • 

46 " u • VT 

..All DNA' hybridization probes described herein ^were. used as-inserts Isolated, from either.iphage or 
plasmid vector DNA and were labeled bytnick translation using a kit provided by Bethesda Research , Labs 
' (Nick Translation Reagent Kit. cat. no. 81 60SB):and\?2PrdCTP from New i England. Nuclear. or. Amersham. 
Typically., the probes had specific activities; of - 1-:2 x- ip8:.cpm/tig.- Prior to hybridization, ahe probe was 
so denatured for 10 minutes at about 95* C. quickly chilled on ice. then added to the hybridization mix.' Unless 
otherwise noted, hybridizations were carried out as follows: filters were prehybridized. in a basic* mix (50% 
formamide, 5X SSC, 5X Denhardt's solution. 50 ug/ml sheared salmon sperm DNA. 50 mM Hepes, pH 6.8. 
5 mM EDTA. and 10 ug/ml poly (A)) supplemented with 1% glycine and 0.1% SDS for at least 2 hours in 
sealed plastic bags in a 42 'C water bath. The hybridization buffer varied according _to i the' type of 
55 hybridization: for genomic Southern Transfers, the basic mix was suppleniehted with 10% clextran sulfate. 
0.2% SDS, and 10^ cpm/ml probe; forl Southem. transfer of. cloned DNA. the basic mix was supplemented 
with 0.2% SDS and 10^ cpm/ml probe; for. first screens of phage libraries, the basic mix was supplemented 
" with 0.2% SDS and lO^ cpm/mr probe, while, subsequent screens frequently had less probe;. Hybridizations 
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were normally performed overnight at 42 *C. Following the hybridization, filters were first washed in 2X 
SSC. 0.1% SDS at room temperature and then in 0,1X SSC. 0.1% SDS at 65* C. RIters were exposed to X- 
' ray film with intensifying screens at -70* C for varying times. When the signal was obviously very strong the 
Intensifying screens were omitted and the film was exposed at room temperature. 

5 ' ■ 

'* ■ "■ ". • * .* ■■ 

iv.. Preparation of 4B9 and 9D1 Genomic DNA Inserts " ' * * v 

• 6ne hundred-twenty nrjicrograms of DNA from LCL 4B9 or 901 prepared as described above and 1*0 ug 
10 .of human placental DNA were separately digested with Hind III and 7.5 Ug of eiach were fractionated by 
electrophoresis through a 1.1% agarose gel in TAE buffer.' The DNA was transferred to nitrocellulose paper 
using standard procedures, baked overnight at 80* C in a non-vacuum " oven and hybridized with a ^^p. 
labeled human heavy chairi J region probe (pJh insert). ^ The probe insert (in pBR322) extends from an 
artificial EcoFt I site* near ttie s' end of the J region to the Hind.lll site In'the rhajor Intron between the J 
IS region and the mu constant region. The DNA sequence of the J region aind part of the intron from a sinnilar 
clone is described in Ravetch et al.. .1981. Cell , 27:583-591 and; in Babbitts' et al?. 1983. Nature , 306: 806- 
809. As^ discussed above, since immunoglobulin genes must undergo a i-earrangement in order to be 
expressed, DNA fragnnents were sought which were present In the 4B9 or 9D1 DNA but absent in'the 
' germline; (placental) DNA: Either one or two Rearranged bands were expected, depending ori whether one or 
20 both^aljeles had undergone rearrangement, respectively. The pJh probe hybridized -tb a 9 kb^ germline 
^'fragment in 'placentai DNA. to io.6 and 7.8 kb rearranged fragmehtV oif 4B9i DNA, and to 7.5 and '6.9 kb 
•rearranged fragments of 901 DNA. ^' " ' ' v . ^ . .. . 

Fifty micrograms of the Hind Ill-digested 4B9 or 9D1 DNA was fractionated on' a 10-40% sucrose 
. gradieht as described above for preparation of Vector DNA' arms.Fractions containing DNA of the desired 
25 size were screened by/Sou the rri transfer analysis with the ^^p-iabeledpJH insert' probe? In the case of '489. 
; since the 10.6 arid 7.8 kb fragments were easily separable,"'tho^ -fraction s-'h^ 
used f6r the library construction. In the casia of 1901, since the rndiecular'w^ the two'' fragments Were 

sb^ close, the sucrose gradient (fractionation dlcf "not completely- separate the* two'-^fraghienfs; However, 
fractions were chosen which were enriched for one fragment relative to the other. *' - ' ' 

y. Combining Vector and Insert arid Library Screen irig ^ \ ^^'^ '-^ ' ^ • ^- ' • , % 

* * ^^^A^prg^^^^ Ihe^DNA In the peak' frab^^^ the '>:L47:1 phage -arms. 

55 pi-epared as described""above,'* using T4 DNA Migase" and ligation' buffer. The -ligation reactidri Was then 
packaged in vitro. Packaging extracts were prepared accofSlng' to 'the procedure of Grosveld et alV'*l981, 
Gene. 13:227-237. using a freeze-thaw lysate prepared from E. coli strain BHB 2688 (ATCC No. 35131) and 
a sonic extract prepared from strain BHB 2690 (ATCC No. 35132). Other procedures or commercial 
packaging extracts may be used. Titers of the bacteriophage were.determined.usingJt]he ;803 supF. strain of 
^ E. PoH and were usually between 0.5 and 1.5 x 10^ total plaque forming units (pfu) from each ligation' 
' reaction (corresponding - : . . :- . - . i >. 

* Each library corresponding to a* partlcular'bahd seen on Southern transfer* ariaJy sis consisted of at least 
10^^ plaques (derived 'from one to three sucrose gradient fractlohsj.' the libraries were screened usirig'-^sp- 
labeled pJh insert. Positive plaques 'were picked, diluted; plated, and screened using the same prdt)e. This 
45 process was repeated (usually a total of 3 to* 5 timeis) u'ntir all plaques on a plate were positive. 

2. Subcloning' Vh Genes into iExpression Cassettes ' 

so 

a. 4B9 Vh Genes into pGy2 (Fig. 14 and 15a and b) 

"""" 

Plaques hybridizing to the pJh probe were purified as described above. A single plaque was picked 
fro.m the plaque pure plate, ahnplified, and used to inocuiate a large phage culture. Phage DNA was purified 
55 according to the procedure of Maniatis et a!., supra , pp! 77-85. Many of the phage clones contained multiple 
' Hind III inserts'. To facilitate' mapping and subcloning into the PQ72 vector, the rearranged variable region 
genes' Were subcloned into pUCl8. To identify duplicate clones, the plasmid DNA was digested with Hind III 
and Bgl II and separated on agarose gels. Ethtdium bromide staining- and hybridization patterns (with pJh 
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probe) were compared. Two patterns were seen (Rg. 14): One corresponded to the 10.5 kb Hind III band 
and the other to the 7.8 kb band originally seen^on the genomic Southern transfers. The former pattern was 
designated A1H and the latter A2H. Both patterns showed a characteristic 0.8 kb Hind lll-Bgl 11 fragment 
hybridizing with the pJh probe. This fragment corresponds to the 3 end of the clone, which is expected to 
5 be conserved within the human genome and not to undergo rearrangements. 

The heavy chain variable region genes A1H and A2H were then purified from Hind III digests of the 
plasmids described above by electrophoresis through low melt agarose, as more. fully explained below. The 
PG72 cassette was also digested with Hind III. treated with''CIP. and then separated by- electrophoresis 
through low melt agarose. .The melted agarose slices containing the linearized cassette and variable region ^ 
10 gene insert were combined, the DNA ligated, and .then used to transform corripetent bacteria. Transfpnmants 
were screened for those containing the V gene inserted in the same' orientation as the 72 gerie in the PG72 
vector. The details are as follows. .. - " . . . ' * 

The PG72 vector was first prepared by digesting pGyi to completion with Hind III. Rve micrograrhs of 
the ONA were then treated with 100. units of CIP and the reaction stopped by the addition of 1/10 volurhe of 
IS 0.5 M nitrilotriacetic acid. pH 8. The DNA was extracted with phenol and chloroform and precipitated with 
ethanol. then resuspended in 25 ill TE. buffer.' 640 ng of DNA was separated on a 0.7% low melt agarose 
gel and subsequently recovered in a 400 ulI agarose slice, yielding a concentration of approximately 1.6 
ng4il.* - * . \ /;V * . . 

. To prepare the variable region. gene insert, DNA obtained from subclones .pAIH and pA2H was 
20 digested to completion with Hind III and.approxirnately 2.5 ng of each was separated on 0.7% low melt 
^ agarose gel in TAE buffer. . The Inserts^containlhg the rearranged variable region genes were recpyered in 
400 U.I agarose slices. The concentrations of the DNA fragments were approximately 5.ng/urand 3.6 ng/ul 
for A1.H. and A2H. respectively. . . . . 

,.The vector and insert were combined as follows. Agarose slices containing the PG72 vector and the 
25 variable region Insert (A1H and A2H) were^melted at 70 * C. Melted agarose , containing 20 ng vector. and 50 
. ^ ng of insert were rnixed at 37* C. Ligation buffer and f4 ONA Jigase. were, added, b^ fina|_volume 
to 35 jLil.. The reaction- wasjpcubat^^^ for,3p mlnuteVat 1:5 Iri TE buffer and: 5 iLil was, used to 

transforni. competent DHSa cells. The .transformed bacteria ^w^^^^ plated bn LB agar^ containing 100 ug/ml 
ampicillin. ' , ^ , c ; / . ;^ r. vV^ t 

30 To identify transformants containing the desired insert the resulting colonies were inoculated into 2 ml 
of LB broth containing 1% glucose and 100 y.g/ml ampicillin and grown overnight at 37* C. DNA was 
prepared from the overnight growths and digested with Hind IH to determine which ^samples contained the 
variable region insert In the PG72 vector. Orientation -^of the insert within the vector -was deternnined by 
. digestion with Bgl II , and 8am H L Samples containing the ;variable,,and , constant regioagenes jn.the same 
35., . orientation were selected and, designated PG72-AIH and- pQ72-A2H (Figs. 15a and '1 5b). Preparation of 
DNA for transf actions is described in Bcample II. . ivl*^^;^ 1. . o ■ . ' j-.m - 

, b. 4B9Vh Genes. Into pN7t Cassettes . . . ^ ' , . , . , , . . , . , 

The 4B9 heavy chain variable region gene was. inserted, into the pN-yl cassettes^descrlbed .inj Example 
.l,A.2.b above. Specifically, each vector (i.e.,^pN7l.'li?pN7j.2..and. pN^^ III and 

• then treated with CIP. .Hind. Ill-digested phage A2H (as .described above In section' 2^^^ the 
. source of the 4B9 variable, region gene. Vector DNA was^then mixed and ligated witH phage* DNA .and the 
45 ligation mixture.was.used to transform . competent DH5a cells., Transformants were ^ 

presence of the variable region gene and the orientation of the gene was determined by various restriction 

enzyme digestions. Thus, constructs containing the 489 variable region gene adjacent to a 7I constant 

region gene were prepared and designated: PN7IA2.I , PN7IA2.2 and PN7I A2.3..($ee Rgures .16-18). The ^ 

experimental procedures for the production of these constructs were as follows: - 



i. PN7IA2.I (Rg. 16) 

7.5 ixg of A2H phage DNA was digested with 80 units of Hind III, ethanol precipitated and resuspended 
55 in 150 Ul TE. 50 iig of pN7l.1.was digested vyith 200 units of Hind III,. treated with CIP. ethanol precipitated 
and resuspended in 100 ill TE (0.5 ug/ul). 500 ng of the A2H DNA was then ligated, with 25'ng of pNyl.l 
DNA using 1 unit T4 DNA ligase (Boehringer-Mannheimj In a reaction volume of 20-Ul for 30 mln.. at 37' C. 
5 ul of.the ligation rnixutre was diluted with 30. ul TE.and used to transform 60 aLcompeterit DHSa cells. 
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The transformed cells were plated on LB-agar containing ampicillin at 100 ug/ml. 

. 12 colonies were picked and DNA was prepared from them. Digestion of the DNA with Hind HI showed 
the presence of an insert of the appropriate size (about 8.4 kb). Orientation was then determined by 
digestion with BamH I plus Bgl 11. Transformants which produced bands of 2.0. 3.7. 6.1, 4,8 and 7.8 kb were 
5 selected. This is based on the absence of the Bgl II site s' of the. yl gene. The resulting construct was 
termed PN7IA2.I. 

• • . . - ■ . n : . •,.•.•••!: • ■ . " • . : • :v- ^ 

11. pNVlA2.2 (Fig. 17) . • ^ , 

10 r /•r^ . ::• ' , . - • • • 

.15 UQ of pN'yl.2 was digested with 22 units of Hind III and then phosphatased with.1 ul CIP for 20 min. 
at 56* 0 in a 30 til reaction volume. The DNA was: phenol extracted, ethanol precipitated and resuspended 
in: 100 jbil TE. A2H DNA was restricted with Hind III and treated as.described In the section above. 50 ng of 
the restricted PN7I.2 was ligated with . 250 ng of the A2H DNA using 1 unit T4 DNA ligase (Boehringer- 

75 Mannheim) in ligation buffer in a reaction volume of 20 ill for 30 min. at 37* C or additionally, overnight at 
4*C. 75 ul TCM was added to 15 M.I of the ligation reaction and used to transform 200 ul of competent 
DH5a ceils. The cells were plated on agar ^containing arnpicillin andean amycin as described earlier. 

DNA was prepared from transformed colonies and digested with Hind Hi. Those samples showing the 
- presence of the .expected 8.4 kb Hind III Insert (contalriing VDJ gerie) were then screened for the orientation 

20 of the .insert by digiestions with EcoR I and BgML As.expected.. Bgl II digestion produced bands of 2.8. 4.8, 
7.2. 2.O.' and.3.0 kb and EcoR 1 digestion produced bands of less than 0.5 kb and approximately. 20 kb. The 
resulting construct was termed^pN7lA2.2.>..... , , . ^ , 

• • ^ ••/'"■* . * . . ■ - .1 . '»;. J ' ; ■..»*.. 

25 iii. PN7IA2.3 (Rg. 18) . * . l,:. ..i. .. 

r r: * N .40 tig of pN7l:3 was digested with .33 units^Hirid. Ill, ethanol precipitated and- resuspended, 22 fil TE. 
. • TheiDNA was then, phosphatased with jljUl Cife.fgr 30 min. at 56*6 in a 25.UI reactlonAyplume.,.The DNA 
. was phenol extracted, ethanol . precipitated and resuspended in 200 u.1. TE. .A2H DNA .was . restricted with 
QO Hind III as describedjn the.sectlons above. .100:200 ng of . me re^^^^ was. ligated, with 20^ng A2H 

. DNA using ,1. unit. T4 QNA ligase; (Boehringer-Mannheim) in ligation buffer to a reaction vol urhe. of 20. ul for 
-. 30 min.iat>37'C.or-addltlonally, overnight at; 4^^ to 15 ul of the ligation reaction 

. and used toi transform, 200 ul of competent pHSq. cells. The^celte .were plated on agar cpntainrng^arnpicillin 
: : andtkanamycinras described. ror-:- j-'^A ii>; ^'c^.. t r- jto-. i^v^.* -tmi'lIi., i^, • 

35.. c:DNA„was prepared from. 'transformed colonies and digested with Hind lll.-Those sarn pies showing the 
. presence of 4he expected 8.4 kb Hind III insert (contairiing. VDJ gene) wera then, screened, for , the oriem^^^ 
-r.of.the insert by.digestlons.wlth.EcoRJ and with^Bgl n.;As,expected...Bgi^ll digestion produced barids 5^^^^^ 
. , 1:4.8, .6.6 , and'3.0 . kb and; EcoR I>digestioa-=prodMced bands .of 1 V.kb. 1.5.7. kb and les^ ^than .0.5.. kb^^ 
-^r resulting .construct was ternried pNYl A2.3.P n .i'..K f J . ^ -.i. . .»i -^/s .;.,.'o!v 1 i r -^i^ 3.-1 -it : 
40 1^ :AIUthree'of these 488/7 1j constructs wererused^ to transfect 4B9 Jight chain-producing mouse cells as 
i. described j'n Exarnpie. lV, infra , whicii cells then expressed^^a^heayy .chain of .the correct 
indicating that all three:7l:constructs were functional (see .lanes 3-5;Of f\gure 27).' Preparation .of DNA for 
transfection is described in Example iV. j , . • r , ^ . v ~; -.^ q :., 

c. 9D1 V Genes into PN72 (Figs. 19a and 19b) . . . . * 

t 'Plaques hybridizing to-the pJh probe were • purified as,.described . above. A single plaque was. picked 
from each plaque pure plate, amplified, and DNA was.extrapted according to the procedures^ of Poiteous et 

SO al.. ,1 986, Analytical Biochem. ,. 1 59:1 7-23. and Helms et aL, j985, bNA . 4:39-49. The variable region genes 
' vyere then subcloned jnto pUCl8/tp facilitate mapping of restriction . sites and , identification pf^duplicate 
..clones. Unexpectedly. Hind .III and Bgl II digests showed that thererwere three rather thanjtwb patterns of 
restriction, sites (see. Figure 14). They were designated mH'(^^ III band)., D2H (7.5 kb Hmd III band), 

and paH.(8.4 kb Hind III band), Tiie DaH pattern, did not correspond t^^^ 

55 considered to, have, arisen;. as an artifact during the cloriing procedures.^AII . three patterns .shbw^ the 
characteristic 6.8 kb Hind lll-Bgl 11 fragment. The Hind III fragments from theVhaS© DMA were tlien inserted 
into, the rpN72 cassette, described above, to form expressible hiaavy chain genes, -pNy2-P1H, and pN-y2- 
D2H. The experimental details are set forth below. ..... 



31 



BP 0 314 161 A1 



PN72 was digested to completion with Hind III and 2 ug of DNA were treated with 10-15 units CIP. The 
reaction was extracted with PCI, ethanol precipitated, and the DNA resuspended to 50 ng/ul in TE buffer. 
Separately, DNA* from clones D1H and D2H was digested to completion with Hind III. The concentration of 
the DNA of each was approximately 50 ng/ul. The PN72 vector (50 ng) digest and phage DNA digests (D1H 
5 and D2H) (250 ng) containing the variable region insert were ligated using T4 DNA ligase in 20 ul ligation 
buffer for 30 min. at 37 *C. The ligation reaction was diluted 1:19 In TE buffer and 95 ul was used to 
transform competent DHSa cells. 

The transformed bacteria were plated on LB agar containing ampicillin at 100 ug/mi and kanamycin at 
200 ug/ml. The resulting colonies were Inoculated into 2 ml of LB broth containing 0.5% glucose^and 100 
10 ng/ml ampicillin, and grown overnight at 37* C. DNA was prepared from the overnight growths and digested 
with Hind II! to determine which samples contained the variable region insert in the pHy2 vector. Orientation 
of the insert within the vector was determined by digestion with Bgl H. Samples containing the variable. and 
constant region genes in the same orientation were selected and were designated pN^Z-DIH and pHyZ- 
D2H (Rg. 19'a.and 19b). Preparation of DNA for transfections is described in Example VI. 

3. Preparation Of A 4B9 u. Heavy Chain Construct (Figs; ' 20a and 20b) - 

. . - TTT. . . • . ..^ — r,^r-r- .... , , 

'^A u heavy chain construct containing the variable region gene of the. 4B9 antibody -and a human u 
20 constant region gene was also 'constructed according to 'this Invention. A first step in this construction was 
the screening of a genomic library from human placental DNA with murine u switch region and cDNA 
probes to obtain the germline u constant region (Cix) gene in a phage' vector; the u insert was then 
transferred to a plasmid vector to form pu.2. The Cu gene was then combined with the variable region 
gene of 489 contained in the pA2H vector (described eariier) by a 3-way ligation of pu.2, pA2H and pN.2. 
25 The UL heavy chain construct that resulted was designated pNiuiA2.1. 5* rr.r-'' " * 

The details were as follows: Human placental DNA prepared as described above in Exaniple I, B.1.a.ii, 
was 'festricted^with^ Hind 111 and fractionated by cehtiifugation through a sucrose gradient' Those fractions 
cdntaining*DNA*'of apprbxirnately 11-13 kb and hybridizing twitii 'the murine u* switch region probe; 'M2-20 
' (Marcu et at.f 1980 .- Co Id Spring Harbor Sympbsia ^On Quantitative ' Biology - 45: 899-91 1 )/ were ligated with 
30 Hind Ill-digested -XL47.1 phage arms prepared as described aixDve in Example !, B.1.a.i; and the ligation 
" mixture was packaged using extracts prepared as 'described above in Exaniple l;-B:1~a.v. This phage library 
' ' was then 'plated 'and screened using a' nick-translated irisert^-prepared''^ Hybridi2ations\were 
peffbrm'ecl 'as 'described above" in Example L B:lla.iil.' Positive' plaques 'were'^picked'.'-^ and replated. 
These plaques were then screened with both the M2-20 probe and with- a ^murine Ca cDNA'^' probe 
35 (pu[374i], "also described in Marcu et al:- (1980), supra) .- The M2-20-hybridized filters were washed as in the 
' -f first screen, while the pu-hybridized filters were "washed under Mess stringent^-conditions (0:2X.:SSC, 0.1% 
•;SbS ait 50 * C) since *a Idw^ of homology between mouse . and human? sequences j was exjaected. 

' Clones hybridiiiing witti both j^robes'^ were purified by repeated rounds' of- plating arid^DNA was'-pr'epared 
from these clones. The clones were confirmed as containing ttie' human- g^rmllne^u^vconstant 'region gene 
40 by: 1) the' fact that' the Hind I ir Insert size of the* clones was appr6xlm'ately^^1'2 kbi -2) hybridization wlth^a 
human it 'switch region^ 3) 'comparison with tKe Hlhd'-lll and EcpR T restriction pattern^'described 

• by Ravetch efal.,M 981^ Cell, 27: 583-591. These clones sHj --j*',!. 

The Hind III insert from Phage u was subcloned into Hind III restricted pUCIS^and used to transform 
competent 0H5a cells as follows: 5 ug of Phage u was digested with 20 units Hind III. PCI extracted, 
45 ethanol precipitated, and resuspended to 20 ng/ul in TE. 10 ug of pUCIB was restricted with 40 units of 
Hind III. PCI extracted, ethanol precipitated and resuspencled in- 45 ul- Hi O. The DNA; was pjiosphatased 
using 56 units of CIP for 1 hour at 37'C at a total volume of BOul. 2.5 ul of 6.5 M EDTA, pH 8.0 was 
' added," heated 'to 68* C for lO-* min.. cooled to 'room temperatOre. PCI extracted, ethanol precipitated and 

■ resuspended in J isd uj TE to a cdn^^^^ .n^/.t \j,i'r t^vf- " 

50 ' 100 to 250 ng restricted phage DNA was iigated with 50 ng restricted arid phiosphatased pUC1 8 in a 15 
ul ireactioh voiume containing ligation buffer and . 100 units T4 DNA ligase (New ^England Biolabs):- The 
'samples were ligated for 15 min. at room temperature.' The samples were* then diluted to'30 ul with ligation 
buffer lackirig PEG and 40 units of T4 DNA ligase^ The sarnples were incubated overnight at 15* C and then 
stored at -20 'C. 20 ul of the ligation mixture Was diluted to* i 00 ul with TE- arid' t to 2 ul^ was used to 

55 ' transform 50 ui of jcomp'etent DH5a cells'. The cells were plated on LB-agar containing amplciliiri 'and X-gal 

■ 'as a cotor Indicator: " ' * -* * • ' •.i:j..'rT r. ^ : . - 

DNA' waU prepared frorfi the- white colonies and restricted with Hind III. THose -samples showing an 
insert of appropriate size (about 11 to 12 kb) were digested with BamH 1 to determine orientation of the 
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insert. Clones were obtained with the Cu gene In both orientations with respect to pUC18 and were ternned 
ptx.i (BannH I site in polyiinker near s' end of gene) and pu.2 (BamH I site in potylinker near 3 end of 
gene), respectively (see Rg. 20a). • i j , • ^ - . 

Next, pNuA2.1. a construct containing* the expressed heavy chain variable region gene from 4B9 and 
5 the U constant region gene In the pN,2 vector.-^was obtained by a -S-way- ligation of DNA fragments 
containing each of these components as follows: 5 ug of pN.2 (described earlier in Example I.A.I. b) was 

- - digest^b with 50 units EcoR I and 27 units BamH I, ethanol precipitated, and resuspended in '22 ii\ TE. The 

DNA was then phosphatased using 1 jxl CIP (Boehringer-Mannheim) at 56* C for 30 min. .The DNA .was then 
phenol (9xtracted and ethanol* precipitated 'and resuspendec! with 100 ul TE. The final concentration was 

70 * about 50 ng/ul. Approximately 20 ug pA2H (described eariier in Example l,B.2,a) was digested with 60 units 
EcoR I and 40 units Hind 'III. 0.75 ug giX Z was digested with 27 units BamH M and 60 units Hind III and then 
ethanol precipitated. All three samples were separated on 0.8% low melt agarose and the desired bands (8 
• kb for pA2H, 5 kb for pN:2, and 11 kb for pu.2) were recovered. The low melt agarose fractions were then 
melted at 70' C. 10 Ul of each was combined and ligated with 1.5 units T4 DNA ligase (Boehringer- 

75 Mannheim) for 15 min. at room temperature and then at 15* C overnight in a reaction volume of 50 Ul. 

• -1-12.5 ul of the ligation reaction' were used to transform 200 ul'of competent DH5a cells. The^ bacteria 
were plated on LB-agar containing ampicillinV* The "resulting ^colonies were sci-eened by hybridization with 
pJii ad' described and the 'DNA from the low melt agarose fraction containing Jhe u gene of pu.2 as 
described- above.* DNA was prepared -from ■ those colonies hybridizing with both probes. The DNA was 

20 restricted with EcoR* I.- BamH I.' Hind 111;' and Bgl II to -find those, with. the. desired pattern: variable and 

- .i* cbristaht region' genes- in the 'same orientation but bpposite to -that of 'the neo gene and the varlablecregion 

'gene' 5' of the' 'constant region gene. The desired construct was" designated pNuA2.'1 (see- Figure 20b). 
' Preparation of this construct DNA for transfection is- described In Example V: > . - • - . 

C. Light Chain Gene Constructs 



1 . Kappa Light Chain 

30 • - ' '• ■ . / ; :■ 

• Since both rearranged kappia light chain alleles from cell line 4B9 can be expressed at the RNA Ievel, it 
Is difficult to determine which of the RNA species will be translated into protein. We therefore cloned both 

• reanranged kappa light chain alleles and then determined by transfection which one was translated into a 

• protein capable 'Of combining with the appropriate" heavy- chain to bind antigen, • • - 

35 : ,\. y . ^. ; f-. -y*- • ,^ * i^i v , 0 • ' j^.'-'z ' ' 

r*r):. , .11 V. *. ; c.-^^i/^tb z J*-'., .a n A - . '..-.* * /'.' ^ . i > . 

> ; a. Kappa Gene Cloning (Fig. 21) rTf. " • *. - rtv , ! v. 

If ^ /'t-jr-irH -.r- t^r^:'**^ ■ ' --'ir. c.fu ^ev..Tr'.^5;- * • 'Jr * ■ .... , T * • 

In the following protocol. Southern Transfer analysis. with the Jx.and Cx probes- was usedito/determine 
40 • the size of BamH 'I fragments of :DNA from cell line 4B9 thatvwould contain rearranged kappa chain VJ 
iHiHgenes: Furthermore,. It ^was importantMo^determineithat-the BamH I fragments Mwere of sufficient size to 
■ contain the complete. variable region gene as well as sufficient upstream sequences to promote- adequate 

* * levels of transcription.^ This size was determined by r measuring the distance (In kb) from, the BamH I site 3 

• of Cx to'the =5'-most Jx; gene,. and adding. approximately. 2 kb for L-V gene and promoter , sequences. (In 
45 many Vx geines. there is-a BamH .( site within the* L-Vx. complex; in such. cases, alternative. enzymes such 

as Hind III or EcoR I can be used.) lifi .the-case:of,LCL 4B9; the Vx and Cx genes . are, found on the same 
BamH I fragments of less than 19 kb and are therefore easily cloned into a single phage vector, XL47.1. The 
Vx and Cx genes were therefore cloned together on a single restriction fragment. For transfection 
experiments, DNA from the kappa phage clones was either digested with BamH I and transfected .directly or 
so was subcloned into an expression cassette described in Section A.3. 

' Briefly. /a 'bacteriophage library was made from 6am H I idigested and size fractionated ^genomic DNA 

• from LCL 4B9.:The library was screened with Jx and Cx probes, DNA was prepared from: positive plaques, 
- r' and digestions were performed on phage DNA to confirm the identity of.the clones as kappa, genes.. The 

• phage. DNA- was then 'eitherr* digested %with BamH Inland used,- for Iransfections or subcloned into an 
55 expression cassette. The experimental details are more fully set forth below. wi..-* 

J" One hundred twenty micrograms of DNA from. cell line 4B9 and IO ug of human placentahDNA were 
^digested with BamH I and then 7.5 ug of each fractionated. by electrophoresis through a 1.1% agarose gel 

• in TAE buffer. Southern transfers were performed as described above for heavy chain, genesi except that 



33 



EP 0 314 161 A1 



the DNA was digested with BamH I and probed with a pJx (1.8 kb Sac I fragment in Rgure 21) probe which 
spans the Jx region. The Jx probe was obtained from a plasmid containing the ^,Bkb Sac 1 fragment of a 
germline human kappa clone described by Hieter et al., 1980. Cell , 22:197-207 and 1982, J. Biol. Chem.. 
257:1516-1522. This probe hybridized to an 11 kb germline fragment in placental DNA and to a 16 kb 

5 rearranged fragment of 4B9 DNA. Southern transfer experiments using the same probe, but either EcoR I or 
Hind 111 digests, showed that there were two. rearranged kappa genes in 4B9, suggesting that BamH I 
digestion had produced two fragments of similar molecular weight such that they were, not distinguishable 
from each other. • -r* s* * j_ . . - - i . 

Fifty micrograms of BamH I digested 4B9 DNA were, fractionated on a 10-40% sucrose gradient and 

10 fractions containing DNA of the desired size (1 6 kb) were screened by Southern transfer analysis with the 
pJx probe. Those hybridizing most strongly were used for the library construction. ,/ - 

Approximately 5% of the DNA in the peak fractions was ligated with the \L47.1 phage arms (prepared 
as described above for the heavy chain variable region cloning, except that the DNA was digested only with 
BamH 1), using T4 DNA ilgase and ligation buffer. The ligation reaction was then packaged in vitro , as 

IS described above. Titers of the bacteriophage were determined using the 803 supF or the LE 392 strain of E. 
• coli and were usually between 0.5 and 1.5 x .lO^ total plaque forming units (pfu) from each ligation reaction 
(corresponding to 5% of a sucrose gradient fraction). Approximately lO^ .pfu were plated out. Duplicate 
plaque lifts were taken from each plate 'using- nitrocellulose paper (Schleicher and Schuell,. BA85). One set 
of filters was. hybridized with the Jx probe, .the other was .hybridized with a Cx probe (a 2.7 kb EcoR I 

20 . fragment derived from the same germline human kappa clone as previously described). Only plaques 
hybridizing with both probes were -picked and further purified as described for the heavy chain- variable 
region gene clonings Figure 21 shows maps of the two kappa clones, designated Alx and A2x. Both clones 
have approximately 16 kb BamH I inserts. Alternatively as described in the following section, the variable 
region genes could be inserted into a cassette containing Ox and enhancer elements. Preparation of DNA 

25 for transfections is described in Examples It and ill. 



b. Subcloning 4B9 Kappa V Genes into pGEMCx (Fig. 22) 

30 The variable region from Alx was inserted into the expression cassette pGEMCx as follows. Briefly, 
PGEMCx was digested with Hind III. treated with CIP, PCI extracted . and ethanoj precipitated and 
resuspended to 10 ng/ttl. . 

• The entiVe BamH 1 fragment of bacteriophage DNA Alx was subcloned into the BamH I site.of the pN.1 
vector to form pNxAI. Rfty-;micrograms of pNxAl were then digested with Hind ill (150 units, overnight). 

as The DNA was electrophoresed through agarose and the 8.7 kb band containing the variable region was 
excised. DNA was eluted from the agarose by electrophoresis into dialysis tubing. The DNA was extracted 
with PCI. precipitated with ethanol. and then redissolved in 50 ii\ TE. The DNA' was further purified, using an 
Elutip^''^ column, according to the manufacturer's instructions (Schleicher arid Schuell).' Following ethanol 
' precipitation, the DNA was dissolved in 50 ul TE to a concentration of '270 rig/ul.. ... -si r; 

40 The\8.7 kb Hind HI fragment of pNxAl containing the 489 kappa chain; variable region gene; (270 ng) 
was ligated with 10 ng pGEMCx vector, prepared as ^described above in a 50 jut. reaction volume using 
ligation buffer lacking PEG and spermidine at 15"C overnight. A portion of the ligation -mixture was diluted 
rt:5 with TCIVl and used to transform competent DM 5a cells: Ampicillin resistant colonies '.were screened by 
colony hybridization using purified Hind III fragment containing the variable region gene. Plasmid DNA was 

45 prepared from selected colonies and the orientation of the insert was determined by :digestions with EcoR I 
and Sac 1 (separately). The final construct was called pGxAI-HCMVE and is depicted in Figure 22. 



2. Lambda Light Chain .. . . . . 

50 . . \ . 

Since both rearranged lambda light chain alleles can be expressed at the RNA level, it was difficult to 
determine which of the RNA species was translated into protein. We therefore cloned both rearranged 
lambda light chain alleles, subcloned them into an expression cassette and then determined by transfection 
which one -was translated into' protein which ultimately combined with the appropriate heavy chain to. bind 

55 antigen. ,s . ... 

In this Example, Southern Transfer analysts v/ith a CX3 probe was used to determine the size of Hind 111 
and EcoR 1 fragments of DNA from ceil line 9D1 that would contain rearranged lambda light chain VJ 
genes. However, since our probe hybridizes with CXI -3 and rearrangements could occur into any of the JX 
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genes. It was difficult to determine minimum size restriction fragments necessary to contain promoter and 
L-V sequences. The rearranged X genes were therefore cloned as both EcoR I and Hind III fragments. 

Briefly, bacteriophage libraries were made from Hind III and from EcoR I digested and size fractionated 
genomic ONA from LCL 9D1. The libraries were screened with the C\3 probe, prepared as described in the 
5 following section. The variable region genes were then subcloned into pUC18 to facilitate mapping of 
restriction sites and identification of duplicate clones. The rearranged X genes were then inserted into the 
pUCG-MCSII-MHE cassette, described above, to form expressible lambda light chain genes. The details are 
set forth below. - ' 

10 . [ ' . 

a. Preparation of lambda constant region probe, CX3 

An oligonucleotide probe was used to clone a genmilne lambda constant region gene, and a portion of 
this clone was used as a probe for detecting rearranged lambda genes in human lymphoblastoid ceil lines. 
IS Briefly, a human gemiline DNA library containing Hind III fragments of approximately 9 kb was prepared. A 
synthetic oligonucleotide "probe homologous to a region of identity among CX 1-3 was prepared and used to 
screen the library. Hybridization and washing conditions ^were utilized such that only a few plaques 
hybridized. These piaqueis were purified and the DNA was prepared and analyzed to determine whether any 
of them corresponded to the published map of the lambda locus. Clone HP2-CX 5 corresponded* to the Hind 
20 III fragment containing "the CX 3 and 4 genes. An EcoR l-Hind III fragment containing CX3 was subcloned 
into pUCiS and a 0.8 kb EcoR l-Bgl II fragrrient derived from it, referred to as the 0X3 probe.^was used to 
screen for rearranged lambda genes in a library derived from cell line 9D1. ' • - 

' The details are as follows: Human placenta was used as a source of germline DNA. Genomic DNA was 
pVepared as described above. According to* Hieter et al.. 1981, supra, the human X rand X 2 genes are 
25 found on an 8.8 kb Hind lll fragment and the hurnan X3 and X'4 genes are found on a contiguous 9,2 kb- 
; Hind III fragment! therefore, to prepare ;a library "containing the lambda gen'es/^human placental- DNA was 
digested to complettori with Hind III, phenor and chloroform exti'acted.''ethariol^ resuspended 
in TE buffen Rfty micrograms of the digested^ DNA was'fractionated oh a' 10-40% sucrose gradient as 
described* above' and fractions -coritaihing DNA of B.2 to 11.5 kb were each ligated with XL47.i1-Hind III 
30 treated phage arms (prepared as described above: approximately 5% of each fraction was ligated with -100 
ng of phage ai-ms). ' * ' • .v. - i. - 

To, screen the bacteriopliage library, a 26 base oligonucleotide- of the following -sequence was 
-synthesized on an Applied Bibsystems 380A DNA Synthesizer: - 5' GCTGC CAGQT CACGC 'ATGAA 
' GGQAQ C'3': This sequence corresponds precisely to a region of identical nucleotide sequence among CX 
35' 1 .'through 3 (nucleotides 251-276,' according to the numbering of Hieter'et a!.; ibid): The lambda probe 'was • 
radiolabeled. With' 32p--yAtP by a T4 DNA kinase reaction (Maniatis'et ai., supra, p: 125) to*a specific activity 
of approximately 10^ cpnri/ug.' ^^^"^ ' ' ' ^ ' - - ^? - J ^ . ?! t. . 

The library was plated and phage DNA lifted onto nitrocellulose paper (in duplicate) as described by 
Maniatis et al., supra , p. 320. The filters were prehybridlzed at 37* C for 4 hours In a solution containing 6X 
40 BSC, 5X Denhardt's solution, 0.15% pyrophosphate, and 0.1 mg/ml tRNA. To decrease the non-specific 
binding of the probe to nitrocellulose, the. probe, was prehybridized:_irL the;above*^s6lutfonj to a; of 
nitrocellulose. The filters containing the phage were then hybridized with the "prehybridlzed" probe at 10^ 
cpm/ml overnight at'37*C. Following hybridization, the fluid was 'stored at -20* C and used again for the 

• next rouhd'of hybridization. The filters were washed under progressively hriore stringent conditions until only 
45" a few positive plaqiies remained. Washiifig one of the sets of filters in' 0.25X' SSC at'45*G produced only 

* two positive' hybridization signals. Both' of these signals. In addition to many more.* were also priesent in the 
duplicate set of filters which Had been washed in IX SSC at 45* ' ' ' - . : 

A single plaque (HP2-CX5) was picked, diluted and plated out again. Filters were- prehybridlzed as 
described above, arid' then hybridized in the 'fluid remaining from'- the first library screen. Filters .were " 
so washed in IX SSC at 45* C. Many dark hybridization signals were seen against a background of -light 
signals,' suggesting that there had been some enrichment* for the positive plaquis and that, most of the 
hybridization seen after washing in IX SSC at 45* C was non-specific. Two of the plaques hybridizing most 
strongly were picked and replated. This process was continued until the plaques were pure. ' 

Phage ONA was then prepared as described in" Maniatis et al., supra , p. 77. Hind III and EcoR I digests 
55 of the phage DNA gave fragment sizes suggesting that clone HP2-CX5 contained the human CX3 and CX4 
genes: the total Hind III insert size was 9.5-10 kb, including two 4.5 kb'EcoR l-Hind III fragments and a 1 kb 
EcoR I fragment. The- oligonucleotide probe hybridized with the 4.5 kb EcoR l-Hind III bands. 

The 10 kb Hind III insert from clone HP2-CX5- was subcloned into pUC18 to form pCX3/4. The 4.5 kb 
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EcoR l-Hind III fragment containing CX3 was then further subcloned into pUCIS. This final subclone, pCX3, 
was distinguishable from the alternative 4.5 kb insert cpntaining CX4 by the size of the Bgi II fragments 
generated. A Bgl II digest of pCX3. produced a 2.8 kb fragment The final probe used to screen libraries 
containing rearranged lambda DNA was a 0.8 kb EcoR l-Bgl II insert containing the CX3 gene from pCX3 
5 (see Figure 23). 

■ ■* . ■ * ■ . . .1 

b. Library Construction and Screening (Fig. 23) 

TO Southern blots of genomic DNA from cell line 9D1 and germiine DNA, previously probed with pJh and 
pjjc probes, were washed by adding boiling water to the nitrocellulose fij.ter.and incubating them at room 
temperature for 15 minutes. An overnight exposure of X-ray film to the filter sliowed that no probe 
remained. The filters were then probed with nick translated (specific acti\flty 3.5 x 10^ cpnn/UQ) CX3 probe in 
a hybridization buffer lacking dextran sulfate. 

75 • The Soutiiern transfer of IHind III digested 901 DNA showed rearranged bands at approximately 10.4 
and 4^.kb and loss of tfie 8.Q kb germiine band containing CXt and 2 sequences.. The Southern, trans^fer of 
EcoR i digested ODt DNA showed rearranged bands at\l2 kb and 5 kb.and loss of the 8, kb and probably 
14 kb germiine bands. The two Hind Ijl rearranged ^fragments and.the,12,kb Ecof^X fragrnent were selected 
for cloning.. , . . . , .* • . 

20 J The Hind III -sucrose gradient fractions . of the appropriate size (1 0-.1 3" kb and^ 4-6 kb), obtained during 
the heavy chain cloning, were ethanol precipitated and resusgisnded in 50. ui TE buffer.. The EcoR t^ djgest 
was fractionated on a sucrose gradient, as preyiquslyi desciibed. and the fractipns coritaining ONA p the 
appropriate, size were determined by.etectrophoresis on an.agarpse gel. T4, DNA ligase was then used to 
ligate 10 ii\ of the gradient fractions with 100 ng phage .arms (20 ui reaction ^volurne.,^q minutes at 37* C). 

25 .: Tiie; ligations were packaged , as^ previously described - and the titers of the libraries...deternfiined using 803 
V supF-^ strain of E.r coli,. were between . 2 and 5 Xj lO^ .pfu. Jn eacti case, nearly .the; entire library was plated. 
Duplicate, pla<;ue. lifts were taken, from ^ each plate, using. nitroceNujose paper (SchlejcheKjand SchueJii BA85). 
Both sets of :fiiters were hybridized, overnight with/the CX3 probe. Only , plaques hybridizing in ^^^^^ 
werq picked .and further purified , as described; for the heavy chain variable, region gene clphlng. DNA was 

30 . .prepared fronri^an amplified plate using the protocols of Porteotis et al. and .IHefms et.al.,, supra. . . 

The Hind ill and EcoR I inserts were subcloned into pUCl8. The subclones were confirmed as 
- containing lambda constant regions by hybridization with the CX3 probe. Germiine and rearranged' lambda 
. genes were.distingui.shed by comparing Hind, jl I, EcoR l.^-Hind ill EcoR I, and.HindpIII + EcoR I +,^Bgl tl 
, . digests twith the known-.germline patterns. At Jeast pne clone f containing rearranged larpbda DNA was 

35,i.. obtained Jrorri: each library: a 12;kb EcpR I insert,.a 10.4 kb Hind J II insert and a.4.5 kb Hind .III insert. The 
4.5 kb, Hind 111 fragment was^shown to be. contained wittiin-the,l2 kb Eco^ I fragments The 4,5.kbHlnd 111 
and 12 kb EcoR I clones "were referred to as XD2H and xb2e. respectively. The 10i4-kb Hind'lll clone, was 
referred -to as XD1; (see, Fi , . 

V. r. "it. *,::... .:• .. . ' . , ... .^ . r. ... . ^ , . .. 

c/ Subcloning X Genes Jnto An Expression Cassette (Fig. 24). - 

.:j c^' ' ••• , ;. • . <• • 

A cassette? similar tO; that, described for Cx (pGEMCx. section. ^.3) can be prepared for CX.^This would 
then .require the insertion of the , desired X variable region genes s' of CX. Alternatively , the VX and CX 
45 r genes. can be inserted Jnto a cassette which, only contains j^an^enhancer region and a selectable marker, 
. such-as pUCGrMCSII-MHE ^describedv.in. Section A.l .a.iy. , Ten . micrograms - of the pUCG^MCSil-MHE 
cassette, prepared as described were digested with; 100 ;Units of either HindJII or EcoR I (2 hours. at 37* C) 
and electrophoresed through a 1% agarose gel. The desired bands were electrophoresed into NA45 DEAE 
> paper and eluted according to the manufacturer's instructions, ettianol precipitated and .resuspended to 1 
so ug/ul;in.JE buffer. The digested vector was treated with CIP,(2.5 ug ONA and 40 units CIP for 40 minutes 
at 37* C) and 0.5 ug was then electrophoresed: .through, low melt- agarose and the .appropriate band 
* .transferred. to a microfuge tube. ' . -.i^ y ^ - . ; • v 

The plasmtds containing the. lambda genes were digested with either. Hind Jll or. EcpR. I to rennove the 
insertifronrt the vector (2.5 ug.pfasmid DNA and.. 20 unitS;;restrictipn: enzyme forr.l. hour at 37* C). Two 
66 hundred .nanograms of the .DNA' was electrophoresed through, low melt agarose and tiie bands containing 
the inserts were transferred to a" microfuge Jube. . 

The agarose in the microfuge tubes was melted, at 70* C for 5. minutes and agarose containing 5-10 ng 
of vector was 'Combined with agarose containing..50 .ng;0f lambda region insert The .DNA fragments were 
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ligated using T4 DNA (igase (100 ul final volume, overnight incubation at room temperature). The ligation 
mixture was used to transform competent 0H5a cells. DNA was prepared from the ampicillln resistant 
colonies and screened by digestion with Hind III or EcoR 1 for inserts of the appropriate size. The resulting 
constnjcts'were designated pG\-01, pGx-D2e and pGx-D2h and are shown in' Figures 24a, 24b arid 24c. 
5 Preparation of DNA for transfections is described In Example VI. • • ' 



EXAMPLE II 



PRODUCTION OF A RECOMBINANT lgG2 ANTIBODY BY 489 GENE TRANSFECTOMAS 



75 * This Example demonstrates a method for the production of human monoclonal" antibodies in mouse 
cells which 'uses the constructs containing the 489 variable region genes, Vh and *Vx, described In Example 
I herein. In this embodiment, the 489 antibody has' beea switched from the parental' IgM class to'the'IgQa 
class. This novel antibody possesses antigen binding specificity similar to that of the- antibody secreted by 
•the 489 celf line.* ' ^ • . " - " . - 

20^' ' -c'f>.- ^ :n- X ' - . - - . - . . . ... 

A. Transfection Into Mouse ' Cells 't . * .! . t ■ w ...... 

* - Transformed bacteria containing PG72-AIH and pGt2-A2H (Rgs. 15a and >1 5b) were grown overnight in 
25 broth containing 100 ug/ml ampicillln and 1% glucose. Piasmid DNA was prepared by the alkaline lysis 
method and was further purified on two GsCI gradients*. One hundred micrograms of piasmid DNA. were 
then digested with EcoR I. phenol and chloroform extracted, ethanoi precipitated and resuspended to 1 
ug/Ul in sterile TE. The digestion was not complete. Phage DNA was prepared as described in Maniatis et 
al.. supra , pp. 76-85. using a CsCI equilibrlurn^centrifugation step.\For^J^^^ mannmalian, cells. 

30 DNA from clones A1x and A2x (Rg. 21) was digested with BamH I. phenol and chloroform extracted,-. 
Methanol priscipitateci and resl/spehded In sterile TE to 1 -utg/ul. Plasmid DNA prepared as described above 
* was^transfebted into 'Ag8.653' ceils' by electropoVation7*Ag8.653 lis an establlshled * mouse myeloma. ceil: line 
(ATCC No. CRL 1580) which 'does hot' 'produce detectable heavy or 'light chain Immunoglobulin: < Elec- 
'trbporation* was'perfdrmW'essentia^ the' method of Potter et^al.. 1 984;: Proc : Natl; Acad. Sci. 

35' USA; 81:7161-7165. 'Fdr^ electroporatiori',- cultares' of - cells in the log phase, of: growth .were .counted, 
' • concentrated by centrifugation' and- resuspended' in' Dulbecco's PBS at a concentration of 2 XtlO^.cells per 
'^'ml.'CaC!2 and MgCla were added to a final concentration ^of" 2 mM each. The restricted bacteriophage DNA 
•-(boding. for •the'489 kappiMight'chain^^w^ a. concentration of "'lO jxg/mLand the; heavy 

^ "^"chain DNA containing ' plasmid » was added'tb the' cells'- at a'concenfration :of 10- ug/ml. -The. following 
40 "'cbmbihatiohs'were^transfecte •* '"J-- ^v.:",''i- • „ ■* - j . - ... ■■ , * - ^ i- 
. aI: '^"ci)-:Al*"!ight chain (I0'ug) + PG72-AIH heavy chain (10 ag);^^ *- - • ' • j- 

'' 2) AU light chain OOug) + 'pG72-A2H heavy chain 0 : • • •) 

3) A2x light chain (10 ug) + PG72-AIH heavy chain (10 M.g);iand » - - 
■ \' - 4) A2^ light chain (10 ug) + PQ72-A2H heavy chain (10 1x9). 

45 - "•' • : ■ - ' ■ ■ . . , . 

The mixture of cells and DNA was suispended in sterile^ electroporation cuvettes (BioRad) in a wet ice 
bath (0*C) for 5-8 minutes. The' suspension was then pulsed with 2000 volts from an I SCO power supply 
Model 494 for a sufficient time to allow full deflection of* the ammeter, usually less than one second.' The 
cuvettes were gently mixed by agitation and incubated on ice for. 8-10 minutes; One ml of seriim-free RPMI 
SO' 1 640 ^~was' added to each cuvette, mixed by agitation and allowed to staiid at room temperature for 8-10 
* * "'-minutes. The suspension was removed from the cuvette and placed into RPMI 1640 containing 10% FCS 
' (fetal calf serum); to a final volume of 10 ml in a T25 tissue culture ftasic (Corning): • r . . r . 

r- •. . ; r • - ■ • .. . ^ ■ . . • - 

55 B. Cell Culture . 

The cultures were incubated at 37' C in a humidified atmosphere containing 6% CO2. Forty-eight hours 
after electroporation, the cells were counted and stained with the vital dye -Trypan blue (GIBCO) to 
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determine viability. The cell suspension was diluted 1:1 and counted in a hemocytometer. Cells which 
excluded the dye were counted in addition to cells which took up the dye.. The number of cells which 
excluded the dye was. divided by the total number of cells,. thereby determining the percentage of viable 
cells. The cells were then suspended .in RPML 1640/10% FCS (containing 5.0 ug/ml of mycophenolic acid 

5 (Sigma). 15 ug/ml hypoxanthlne and 250 u.g/ml xanthine (selective medium)) at a concentration of .1 x 10^ 
viable cells/ml. The suspension was plated in 24-weil tissue culture dishes (Costar). 1 ml per well. The cells 
were fed selective medium every 3 to 4 days. 

The cultures were observed every day on an inverted microscope for signs of cells proliferation. Within 
10 days after plating, most of the cells in the cultures^ had died in the mycophenolic acid. Fourteen to 

10 twenty-one days post-plating, most of the cultures contained proliferating cells of a sufficient density to test 
supernatants for the presence of human kappa light chain and human gamma heavy chain, as described 
below. The number of samples positive, for human gamma heavy chain. out of the total. number tested for 
the above-enumerated comblnatioris were as follows: 1)'b out of 4; 2) '4 out of 4; 3) 0 out of 4: and 4) 0 out 
of 3. 

75 Cultures positive for human gamma heavy chain (those, derived from combination 2, above) were 
subjected to limiting dilution cloning in 96-well flat-bottom tissue -culture dishes (Costar). Cells were plated 
lat a density of 1. 2, and 5 cells per well in RPMIr1640, 20% FCS, 10% Ncfc (MA. Bloproducts) and 50% 
Ag8,653 conditioned medium. Cells were fed selective medium every 3 to 5 days and were, monitored daily 
for the outgrowth of cells. Within 10 to 14 days following limiting dilution cloning, clones apfjeared Iri.most 

20 wells. Supernatants from the wells were then assayed for human heavy chain as descrit>ed below. Wells 
positive for human gamma heavy chain and kappa light chain were expanded to larger volumes by dilution 
into 24-well tissue culture dishes and finally T75 tissue culture flasks (Corning).. . , • 

Following isolation of single cell clones from the transfection, cells were removed'^f rem selective 
medium by gradually decreasing, and finally eliminating, .the presence of mycophenolic acid, hypoxanthlne 

25 and xanthine. It was observed that the cells greyy as well in nonselective medium as thpse maintained in 
-selective medium, and. antibody production was nearly- identical. • • a- ^ ■ 

C. Human IgG Heavy Chain and ' Kappa . Light Chain Assays i«. : ; . " i r: * 

Supernatants were screened for the presence, of , human. IgG using an enzyme-llnked-Jmrnuriosorbent 
assay (ELISA) (Engvall, 1977. Med. Biol. . 5:193-200). The plates cqnsisted of a series of, ^at^bottom 96-well 
Immulon 2 plates coated with a solution of goat antiThuman.lgG,r(Antibodles, Inc.). ; 

A standard was prepared from an, IgG- polyclonal: stock. (CappeQ and dilute supernatant samples were 
35 prepared in tissue culture medium. One ihundred-jnicroliters of sample were added tp^ each well, the plates 
: Incubated, washed, and 100 u,Lof conjugate. (goat anti-human IgG thorseradish.^peroxidase, di!uted ;1:9;p00 in 
diluent containing -1% normal^goat serum in citrate, buffer.- pH-7.0),were added. to. each ,vyell.7,The plates were 
•incubated at 37uC for 1 rhour. washed 'and 1 100. uluoi diluted ^ch^omogen• (80; ug/ml tetramethylb 
"' 0.0015% HaOain citrate/phosphate buffer, pH.6.0) added^to each well and the plates ;were incubated , for 30 
40 minutes at room temperature. Reactions were stopped by adding 100 ul pf.3N, HzSO*' and^at)s,qrbance at 
450/630 nm read for each well on an automated ELISA reader.:,Background was. defiried as the absorbance 
at 450/630 nm of medium conditioned by the untransfected- Ag8,653 eel ls.^ Supernatants which were 0.1 
units above background were considered .positive.samples. . a^; ■ 

Supernatants were also screened for human kappa light: chain ia an ELISA assay. .cThe assay was 
45 identical to that described for the heavy chain except that the conjugate antiserum was an anti-human 
kappa antibody (Tago, Burlingame. CA) and was.- diluted 1:3.000..e 

Quantitation of human immunoglobulin present .in the culture supernatants was determined using the 
■ ELISA. assays- described .-above; IgG standards and. multiple dilutions of ..each^ sample were ^ run In 
quadruplicate. The standard curve was plotted and IgG. concentrations were extrapolated for the samples by 
50 utilizing a series of dilutions beginning at 1:10. Samples outside the linear range of the standard curve were 
excluded. The dilution factor was . multiplied by the concentration, in order to obtain, the. concentration In 
undiluted supernatants. The. values were averaged for the .quadrupljcate samples. These quantities were 
determined for both human kappa light chain and heavy chain from 15 day spent cultures. Quantitation of 
the antibody from five different clones yielded an IgG concentration ranging from 6.7 to 34.5 w.g/ml. The 
55 parental lymphoblastold cell line (4B9) secreted IgM at a concentration of 10 ug/ml. i - 



O. Detection of Functional Antibody 
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Supernatants positive for both human IgG and kappa chain were screened for the ability to bind to 
group 8 Streptococci utilizing an ELISA technique. The antigen plates consisted of a series of flat-bottom 
96-vyell Immulon II plates, the wells of which contained viable Group B Streptococcus (ATCC No. 1334) 
affixed with poly-L-lysine *{PLL). The plates were prepared as follows: fifty microliters of PLL in PBS (1 
5 ug/ml) were added to each well and incubated for 30 minutes at room temperature. The piates were then 
washed three times with PBS and 50 al of a bacterial suspension (O.D.seo = 0.2) or PBS were added to 
each well. The plates were then Incubated at 37*C for 60 minutes. To remove unattached .bacteria, the 
plates were washed three times with saline and 0.02% Tween 20 (saline T). * • • 

Wells were blocked with 300 u.1 of a mixture containing 5%' w/v. non-fat dry milk. 0.001 %"anti- Foam A, 

10 and 0.01% w/v Thimerbsol in PBS, incubated'one hour at room 'temperature, then washed three times with 
200 ul/Well of saline T. Rfty microliters of culture supernatants- were added to each well, plated in replicate 
onto both control (PLL. but no bacteria) and antigen plates. The plates were Incubated at room temperature 
for 1 hour. The supernatants were flicked from the plates, the plates' washed three times with saline T. and 
100 ul of peroxidase-conjugated goat anti-human IgG and IgM In dilution buffer (PelFreeze) were added to 

/5 each well.' The plates were incubated 60 minutes at room temperature, the conjugate flicked from the plate, 
the plates washed five times' in saline t; 100 ul of chromogen added to each well, the plates incubated for 
15 minutes at room temperature and 100 ul of 3N HaSOi added to stop the reaction.' Culture supernatants 
which contained antibody reactive with the bacteria-coated plates were detected by measuring absorbance 
at 450/630 nm on an automated ELISA reader. All IgG positive clones bound to the Group B Streptococcus 

20 plates and not control plates. 

Antibody from the cloned transfectomas were also assayed for reactivity to different strains of Group 8 
Streptococcus by a modification of the standard immunoblotting technique. Briefly, the bacterial strains 
were spotted onto a gridded nitrocellulose paper disc, the disc reacted with the antibody, and the reacted 
discs developed with an alkaline phosphatase/nitro blue tetrazolium enzyme system. The details are as 

25 follows: the bacteria were grown to an 0.0: '660 = 0:4, then fixed in -3% formalin (v/v) and incubated at 
37*0 for one hour. One microliter of fixed bacteria' was spotted per grid section of a nitrocellulose paper 

*- ^disc (Schleicher arid Schuell."37 mm nitrocellulose disc, gridded. 0.45 ULm). 'The spotted discs were alr- 
dried ,^ fi:iced in 25% v/v isopropanol for' 30 minutes; and» blocked* for* 10' minutes In the • non-fat; dry. milk 
reagent as'described for the ELISA* method. The blocked discs were washed three times for 5 minutes each 

30 in PBS/Tween-20 and were transferred to the lids of 35 x 10^ mm tissue culture dishes.' An antibody-, 
containing supernatant (1.0 ml) was added to the lid and incubated at room temperature for 60 minutes. 
Tollbwing three 5 minute washes in PBS/Tween-20, 1-2' ml of- 1:1 000 'diluted (PBS) alkaline phosphatase 
conjugated goat anti-human ^immunoglobulin (TAGO)* was added for 60 minutes at room temperature.- The 
discs were washed as above and were submerged In 1-2: ml' of fresh substrate, prepared as' follows:. 16.5 mg 

35 "of bromochlorindolylphosphate and 8.5 mg nitro blue tetrazoliumcwere -dissolved In 50 ml of alkaline 
phosphatase buffer (0.1 M Tris-HCI. pH 9.5 with 0.1 M NaCl and'5 mM'MgCl2). the solution was kept in. the 
dark and filtered immediately before using. After adequate color development (10-15 minutes), the reaction 
was quenched by rinsing the disc in several changes of distilled water. 

A total of one hundred thirty-two different isolates' of Group B Streptococcus were tested. The 

40 recombinant lgG2 antibody produced by the cloned transfectomas gave identical reactivity patterns to the 
parental human IgM molecule produced by the 4B9 cell line. 

- ■ ^ ' " 1 ' ' ■ ' ' * * 

EXAMPLE Hi - - 

46 

PRODUCTION OF ANTIBODIES BY CELLS TRANSFECTED WITH CMV CONSTRUCTS v 

SO * ■ - ' ' ' " * C . v.. ■ : 

This Example demonstrates a method for the production- of human monoclonal antibodies in mouse 
cells which uses the constructs containing the 4B9 variable region gene. Vh and pGxAI-HCMVE constructs, 
described in Example I. section C.I .b. herein. The Example makes use of a transfectoma derived from 
Example H which ' expresses the y2 heavy chain of 489 and no detectable light chain. The Example also 

55 documents the feasibility of the sequential transfection of a heavy chain gene and subsequent transfectton 
of a light chain gene for expression of whole immunoglobulin molecules. Similariy. the" light chain can be 
transfected first, light chain expressing clones Isolated,, and followed by subsequent transfection of heavy 
chain genes. . • i 
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A. Sequential Transfection into Mouse Cells . 

In Example I. section C.l.b., pG* A1 -HCMVE. which contains the human CMV enhancer in the intron 
twtween 4B9 Vjc and Cjc genes, was constructed. Alx phage* DNA was prepared as described In Example 

5 II. Bacteria transformed with pGxAI-HCMVE plasmid DNA.were grown in T broth (1 2 g tryptone. 24 g yeast 
. extract. 0.4% glycerol. .017 M.KH2PO* and .072 M K2HPO4) containing 100 ug/ml amplcillin. Plasmid DNA 
was prepared by the BRIJ-DOC lysis. procedure, and followed by.,two Cs CI gradient centrifugations., Plasmid 
DNA was digested with Pvu I. phenol and chloroform extracted.vethanoK precipitated, and resuspended In 
TE. Plasmid and phage ONA prepared, as described above l were transfected byj electroporation into a f 

10 transfectoma producing only heavy chains of the 4B9 specificity as described herein before in Example II.A, 
with the following exception: electroppration .was perform.ed utilizing ;a Biorad Gene Pulser equipped with a 
capacitance extender (Biorad). The .cell suspension was pulsed with 0.25 kV. _960 tifarads wlth- a time ^ 
constant less than 0.1 sec. The above-mentioned transfectoma was isolated from -the original transfection 
described in Example 11. Since the original transfectomas described in Example II had been selected for 

rs mycophenolic acid resistance,. the transfection of pGxAI-HCMVE and Alx phage DNA constructs required 
* "cotransfection" of a selectable marker other than, .the Ecogpt to allovy selection of stable transformants. The 
neomycin resistance gene, .encoded by. expression vector pN.1 described in .Example I was chosen as the 
other, selectable marker. The following combinations were performed: . lj.pN.1 (1 tig) .+ pGxA1-HCMVE (10 
ug); .and 2) pN.1 (1 ug) + A1x.(10 M.g)i" , • u • - ^ — • 

20 , 1'-. 

8. Ceil Culture 1. ■ . - » _ 

* • Ceil' culture was identical to that described in Example II, section B with the following exceptions. Cells 
25. were suspended in RPMM 640/20% PCS (containing 0.25 mg/ml G4iajGibco)) at a density of 1 x 10^ 
cells/ml, The^cell suspension was plated into 96-well; tissue culture dishes (Costar),: 100 ul per .well. The 
- 1..- cells were.fed selective medium every: 4.. to 5. days.- Fourteen to twenty-one days after the transfected cells 
>• were plated into 96-well dishes, the cultures were assayed foe the presence of human^gamma heavy chain. 
. as described in Example II. section C. The number of .wells positive for the above enumerated combinations 
30 -were as follows: .1) 174 out of 192; and -2) 19 out of 192.- . . 

f ii Cultures positive for- human gamma heavy chain were cloned by the, soft agarose method,. essentially 
•'•as described by Coffino; etral.. 1972. J. Cell Physiol. 79:429-440. .Clones which, produced human 
immunoglobulin molecules were"' picked and i. transferred , tO; 96-well dishes 1 for. expansion. /♦Wells, , were 
• " quantitated for human immunoglobulin productlon.by the quantitation assayvdescribed. InrExaniple II. section 
35 'C.The number of: 96-well cultures producing greater .than : 1 u.g/ml of human IgQ. following soft agarose 
cloning was 13, out of 13 for the HCMVE construct and 1 out of'4 for the A1 k construct. ... 
^r''\^>* ' , ■>;■ »-^ -. " .1'* V Di '* , . • -iuOlu ' . . '* \ » r 

: iD i-^ - . ■ . r , -Vv-'- . ... • 

. • — ' EXAMPLE IV:: . * 



PRODUCTION OF A RECOMBINANT IgGI ANTIBODY BY 4B9 GENE TRANSFECTOMAS 



This Example demonstrates methods for the production of a novel 489 antibody In which the class of 
the antibody has been switched from the parental IgM class to the IgGI class. This novel antibody 
possesses an antigen binding specificity.siriiilar to thatiof the antibody secreted by the 4B9 parental cell 
line. — - ♦ - ... . 

so First, bacteria were transformed with the pGxAI-HCMVE plasmid described in Example I.C.I. b. above 
(see Rgu're 22), which contains the human CMV enhancer in the intron between the 4B9 Vx and Cx genes. 
The transformed DH5a bacteria were -grown. in. T broth (12. g tryptone, 24 g yeast extract, 0.4% glycerol. 
- 0.017 M KHzPO^'.and .072 M KaHPO*) containing 100 ug/ml. amplcillin. Plasmid DNA was then prepared by 
'the BRIJ-DOC lysis procedure, followed by two CsCI > gradient centrifugations.- 'The plasmid. DNA was 
55 digested with* Pvu I, extracted with phenol and chloroform, then, precipitated with ethanol and resuspended 
<^ to 1 ng/Kl inVrE;^ . - • v. - - • : -.a. 

• The piasmid DNA was then transfected by electroporation Into Ag8.653 mouse cells as described In 
Example II.A. Cell culture conditions were identical to those described in Example III. 14 to 21 days after 
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the transfected cells were plated into the dishes, the cultures were assayed for the presence of human 
kappa light chain as described below. Cultures positive for kappa light chain were subjected to cloning in 
soft agarose essentially as described by Coffino et al., 1972, J. Cell Physiol. . 79: 429-440. 

One clone which produced human kappa light chain was subjected to trahsfectioh by electroporation as 
s described above .with plasmid DNA prepared from the human y1 construct PN7IA2.I, described rn Example 
I.B.2.b (see Figure 18). Large amounts of the pNy1 A2.1 DNA were prepared for this transfection by growing 
bacteria transformed with' the 'construct in T broth and Amplcillin. The DNA w'as' tfien prepared by the 
alkaline jysis metfiod. followed by purification via a p2523 column (5 Prime 3 Prime, Inc.. PA), according 
tb the manufacturer's instruct The DNA sample was digested with BamH i prior to transfection'. It 

ro should be noted that the pN7i A2!il construct does not follow the normal immunoglobulin gene configuration 
. In that the variable region gene is between the switch region and the constant Vegioris. Digestion with BamH 
I separates the entire irnmunoglobulln gene from the rest of the vector. In contrast, EcoR I removes the 
switch region from the rest of the construct, making the vector configuration similar to that of pM7lA2.2." 
\/EIectro(Doration and cell culture of the transfectoma was identical to that described above with the 

rs exception that the selective medium contained G418 (GIBCO). 14 to 21 days after the transfected cells 
were plated into the 96'-weII dishes, the cultures were assayed for the presence of human gamma heavy 
chain using the ELISA assay 'described in Exarnple ll,C. Antibody was then quantitated 'from the 40 
masterwells producing the most immunoglobulin using the same ELISA assay, with standards • having 
c6ncentrations\between 0 and!7 'rig7m up to 20 ug/ml 'wiare thus obtained (see 

20 Rgiire' 25)^; One IgGl -producing clone produced by the mettiod descrit)ed above was designated CEP 24G- 
9G4; Selected cultures/from' tfiese.masterwells were then subjected to cfoning'in soft agarose:"* ; ' 
, ' ' ' Supernatants weire also screened for the presence of human kappa light chain using an ELISA assay 
similar to 'that deiscnbed in Example H.C. A standard was prepared from ari igG polyclonal stock (Cappel) 
land dilute supernatant, saniples were prepared in' tissue culture meclium. The assay was'Mde'nticar to that 

25 described in' Example ll.C with the^'exceptions that the plates were coated with a solution -of mouse anti- 
human^ kappa light chain (IrSOO^ dilution) and ttie conjugate was a goat'' anti-human kappa ho^^^ 
Jjerdxidase (Tagoj at a ^dilution 0^^:6,000: ^; ' ^ ' * • - - * ^ r-^: ■ 

^ Recombinant IgGi (rlgG1)^Wias* purified from* cuTtui^e supern^^ IgG 
antibodies were purified using protein A affinity chromatography (Sepharp^^^^ 

30' ' culture supernatant' was passed thVougH the -4* C, "buffer '(pH' 8.0* bj4 'M'sbdlurT^ 
\ eiqiuilibrated "protein A colurnn. Noh-protein A' boiTntf material was washed' through' -tHe columri with ttie 'pH 
' 18* b"^^ buffer (as described above) followed by- a pH SIO'^ buffer (0.1 ^ citrate) vvash. When the O.b.aso 
absorlDahcy of the flowWhr^^ matieriai fell'to baseline levels, the IgG was eluted witfi' pH 3.5 buffer (0.1 M 
cftratej. The peak fractions (deterrhlned *as above) were pooled -ahd immediately -netitralized with I - M Tris 

35 buffer' (pH;8.d): The purified material was extensively dialyzecl 'against PBS> Micrbconcehtration centrlfuga-- - 
tibn (Centnprep-iO,' AjTiicoh Corp^ was' used" to concentrate Idifift^ antibody' preparations. The 

antibodies were filter sterilized through a 0.45 urn filter, aliquoted. and frozen af* -70 'The ' .finai 
preparations were examined for protein purity by silver nitrate staining of SDS-polyacrylamide gel 
electrophoresis-separated proteins. 

40 ' . . 

! 5'' "^^. \ \/ exAmple v' 

45 - - ^ • . . • 

PRODUCTION OF A RECOMBINANT IgM ANTIBODY BY 489 TRANSFECTQMAS 

This example demonstrates methods for the- recombinant production of a 4B9 IgM ' antibody. This 
50 recombinant antibody possesses antigen binding and bioloigical activity comparable to that observed with 
antibody secreted by the original parental 4B9 cell line. * ' - ' ' * • ' 

The procedures for producing this antibody were essentially the same as described in Example IV 
above. Thus, the clone producing only human kappa light chain (as prepared In Example IV) was subjected 
to transfection by electroporation with plasmid DNA from tiie pNuA2.1 4B9 u hea^y chain construct 
55 prepared in Example I.B.3 (see Figure 20b): 4. . • ; . . • • .... 

The pNuA2.l DNA was prepared for this transfection by growing bacteria containing the plasmid in T- 
broth and ampicillln as already described. The DNA was then subjected to the alkaline lysis method and 
purified on a PZ523 column. The DNA was digested to completion with BamH I prior to transfection. 
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Electroporation and cell culture of the transfected hosts were Identical to that described in Example III. 
14 to 21 days after the transfected cells vyere plated into 96-weli dishes, the cultures were assayed for the 
presence of human ix heavy chain as described below. Cultures positive for human u heavy chain were 
then subjected to cloning in soft agarose. Supernatants were screened for the presence of human IgM using 
5 an ELISA assay similar to that described In Example II.C. A standard was prepared from an IgM polyclonal 
stock (Cappei) and. dilute supernatant samples were prepared In tissue, culture medium.^ The assay was 
identical to that described in Example II.C with the exceptions that the plates were coated with, a solution of 
,goat anti-human IgM (Antibodies, Inc.) (1:1000 dilution) and the conjugate _vvas a' goat anti-human JgM 
horseradish peroxidase (American Qualex) at a dilution of 1:10,000. Antibody was then quantitated from the 

10 40 masterwells producing the most immunoglobulin, using the ELISA assay described, with standards 
having concentrations between 0 and 10 ng/ml. Mastenvells producing up to 20-25 ug/ml were obtained 
(see Figure 26). One IgM-producIng clone produced by the method described above was designated CEP 
16/2B. The monoclonal antibody produced by this transfectoma was termed 16/2B (see Figs. 27-30). 

. Supernatants were also screened for the presence of human kappa light chain using an EUSA assay as 

75 described in Example II.C. except that a conjugate antiserum which was an anti-human kappa antibody 
(Tago) was used at a dilution of 1 :3000. ...... i . 

..Reconribinant IgM (rigM) was purified from culturia supernatants of positive clones as follows: The IgM 
antibodies were purified using a murine monoclonal, anti-human IgM antibody affinity column. To, prepare 
the anti-human IgM. affinity column, 1 gram of dehydrated cyanogen bromide-activated . Sepharbse 4B 

20 (Pharmacia) was, mixed with 15 ml of ice cold 1 rnM HCI/distilled water. The hydrated gel was washied in 30 
ml coupling buffer (0.1 M carbonate (NaHCida) in 0.5 M NaCl. pH 8.2). drained to form a moist cake and was 
combined with the murine antibody which had been previously purified on protein A. The gel suspension 
was mixed end^ver-end for 2 hours at room temperature and subsequently centrifuged at 200 x g for 5 
min. To block. still available .reactiye sites, the supernatant was renrioved. 10 ml of 1 M ethanolarnine were 

25 added to the. gel, and.mixing was continued^ as above. The suspension was centrifuged at 200 x g for 5 min. 
and the supernatant was discarded, pie gel was prepared for use with one wash in 0.1 M. acetate/saline 
buffer (6.8 g sodium acetate trihydrate and 14.6 g NaCi dissolved In 500 ml distilled water containing 2^9 ml 
glacial acetic acid. pH 4.0), two washes in coupling buffer, and two. washes iri PBS.. Jhe^ gel was^pqu'red Into 
a Pharmacia . CI 0/10: column^and stored at^4* C. until use. , 1. . ...... 

30. . IgM antibodies, were purified from clarified (2.000 x g) and ^filtered culture supernatants. If ^supernatant 
volumes greater than one , liter, were processed, antibodies were concentrated using Minjtah ultraifiltration 
(Millipore Corp., Bedford, MA). Following .sample loading, the column was washed with PBS.* pH 8.0! until 
the absorbancy Indicated no further protein in the flow-through. The bound antibody was eluted.vvith 2 M 
MgClz in ^ PBS. The protein concentriation . was determined for .each fraction by measuring the absprbahce at 

35 280. nm and the peak fractions pooled. The. antibody pool was desalted on a G-25. SephaSex column. . 
> Jhe . rigM produced accordjng to this, invention .was compared with . the parental .4B9 IgM (parIgM) via 
• the. following iassays: - ,; - • - ^/ ^ , . . 

40 a. SDS-PAGE (Rg. 27) ^ * 



Purified antibodies were examined by SDS-polyacrylamide gel electrophoresis using 5-15% linear 
gradient gels (Laemmli, U.K., 1970. Nature (London) , 227: 680). Samples (250 ng of antibody per lane) were 
boiled for 5 min. in sample buffer, containing 2% SDS and 5% 2-mercaptoethanol. Silver nitrate protein 
45 staining allowed visualization of the protein bands (Heukeshoven. J. and Demck, R.. 1985, Electrophoresis , 
6:103-112). , . J . , . ' : • 

The SDS-PAGE gel pattern of various novel Immunoglobulins of this invention including rigM, rlgG1 and 
rigG2 are depicted in Rgure 27. where the respective lanes contain the following: 
lane. 1: 469. parentallymphoblastoid IgM, kappa light chain 
so jane 2:1 6/2B a rigM, kappa light chain „ 

lane 3: 3B, a rlgGI, kappa light chain . 
lane 4:. 3B. a rIgGI. kappa light chain 
lane 5: 1B1, a rlgGI, kappa light chain 

lane 6: 8B8, a rig G2, kappa light chain . 
55 lane 7: an tgG1 heteromyeloma with a lambda light chain 
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lane 8: molecular weight markers 

The molecular weights of the heavy and light chains were estimated from a line derived -from plotting 
the log of the 'molecular weight of the standards versus their migration distance. The molecular weights are 
given below: ^ * z . \ 



ANTIBODY 


HEAVY 
■CHAIN . 


^ LIGHT . 
CHAIN 


* 16i/2B (rIgM) 
"4B9 (pjarlgM) 
3B (rlgGI)* 
1B1 (rlgGI) 
8B8 (rigG2) * 


'82,000 ' 
79.000 
52.000 
52.6b0* 
52,000' 


25;oob. 

'25.000 
25.000 
25.000- 
25.000 



As shown in Rgure 27. the heavy, chain of rIgM has a slightly, higher .^molecular -weiight than that of 
parIgM, (see lanes 1 and 2). It is believed that this slight variation In molecular weight is ; due to' differences 
in glycosylation.of the Immunoglobulin protein in the reconribinant host /cell. (mouse) vs. parental (human) 
cells. The amino acid sequences of the two immunoglobulins are.beljeved to be the same. In addition, the 
light chains of the rlgM and plgM also have the same molecular, weights, approxim^ . , 

b. PLL-ELISA (Fig. 28) - , . . . . . 

The rIgM parIgM were tested for their ability to bind to various group 8 Streptococci (GBS) using the 
PLL-EUSA technique described In Example II.D. The results of these experimentSrare. given in .Figure 28. 
As indicated, the titration curves for the binding activity of rIgM and parlgM"tb*Grbup*B*Streptococci clinical 
isolates 1400 .(Type Ic). 1334 (Type III) and. 15.40, (Type jn)( are -superim^ 

reactivity patterns -for. the Jwo. antibodies:. ^ J .. ...} t.: { ; - ■ - • f . 

'Si' . . ... . ' " . . . . . • . : ' . * \ . :x; 

. c. opsonophagocytlc Assay (Fig. 29),;.,.-, , . ^ // , j ^: u 

■4, The in^ vitro functional^jactiyityrof ithe^irlgM. antibody , and, the/parental lymqhoblastoid. .derived antib^^ 
4B9^wereicqnn pared.' In an opsonophagocytic assay. ^This, assay- evaluated -the ability of. each-mpnoclpnal to 

.kill * bacteria Las j measuredKbyc decreases > in- .colonyq forming units -(CFU's) in Jhe , p^resence^ ibf ^ human 
neutrpphiis^and :humarr p.omplemen^^^^ possessed ,the atDHIty to-decrease;viable,counts Jn the 

■ absence .of iiSitiier neutrophils j5rj-,cprnplernent. Jh^^ ,9PfOP'^f!"®Jl? opsonjsation . as being 

ttie in vitro rnechanism r of action Jor bpth ,^ the- assay if orma^ of 

the two.antibodies were.indisti^ ;.'f i? . ^ o.* . ^ J ; - . « - M^jr j ^:: 

. Group B 'streptococcus bacteria , (GBS), vyere Hewitt broth 

(catalog no." 11736. BBL MJcrobiolpgy.Sys^erris. BD, ^^^^ 20'ml\/i* sodium .phosphate 

from can overnight .stationary, phase- culture. Broth cultures.were. incubated at 37.^0 on shaker and grown 
to logarithmic phase, at which time the cultures were diluted in Hank's balanced salt; solution containing 
0:1.%vQelatin and 5. mM tHEPES buffer. (HBSS/gel). Jhe bacterial concentrations, vyere.adj^^^ x 10* 

^CF:y•s/n^^by:measuring the»optical. density at 6^^^ , , . 

' r-^: Human neutrophils ww^^ according to van.,Furtii and van. Zwet.-rin. Vjtrq Determination Of 

Phagocytpsjs;And Intracellular Wiling By Polymorphonuclear And Mononuclear Phagocytes,"Jn: Handbook 
Of ExperimentaUlmmunoiogy Myol.v,2..D.M. Weir. (ed^). 2nd edition. ajackwe%Sciem^^^^ Oxford, 
pp. 36.1-36.24 (1973) with several' modifications! 50 ml of"' fresiily drawn heparinized' blood was underlay ed 
with Ficoll-Pacque and centrifuged. The resulting cell pellet (red blood cells and neutrophils) was washed 
once with PBS and resuspended to a total vojume.pf 17.ml in 37* 0 PBS. This suspension was added to 34 
ml of 2% dextran (in 37* C PBS) and the contents gentiy but thoroughly mixed end-over-end. The mixture 
was then incubated for 20 min. at 37*0 to allow the red blood cells to sediment, the supernatant (containing 
neutrophils) was removed, washed twice in 4* C PBS, once in HBSS/gel. and suspended in same to 5 x 10' 
neutrophils/ml. ^ ,r : •: ?v ; • . ;'r 0-.;C * ' ' i^ ' jk"; ',. 

For the complement source, freshly drawn hurnan AB" serum was thrice adsorbed with live bacteria 
(Bjornson, A.B. and Michael, J.G.. J. Inf. Dis.. 130 SuppI: S119-S126 (1974)) corresponding to the 
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organisms used in the assay. EDTA (10 mM) was added to the serum prior to the adsorption to minimize 
complement activation. The serum was replenished with divalent cations by adding CaCh (10 mM) to it just 
prior to each assay.. Complement was stored at -70* C until use In the assay. 
rvThe assays.were performed in sterile 1.5. ml polypropylene tubes. To each ^ assay tube was added 125 
5 ul oif bacterial suspension, 50 ill of heat inactivated fetal calf serum (FCS. treated at 56* C for 30 rnin.). and 
200 ul of purified antit5ody {i.e., rIgM or parIgM) in HBSS/gel. After 30 min. incubation at 37* C, 75 u.1 of 
human complement and 50 u\ of the neutrophil suspension were added and the tubes tumbled at 37*C for 
1 hour. The final mixture included iO% heat inactivated FCS, 15% human complement, 5 x 10^ 
neutrophils/ml, 2.5 x 10^ CFU*s/ml. arid antibody. As. the negative control (100% survival) for each assay, 
10 the test antibodies were replaced vyith in -ii-rel^varit human ^IgM'm antibody In the reaction 

mixtures. The surviving bacteria (CFU's) In each reaction niixture^were quantitated using a standard agar 
pour plate method. Molten trypticase soy broth containing 0.4P^ agarose was aseptically aliquoted in 3 ml 
volumes and kept at 45 *C. To* each tube were added 20. ul from one reaction mixture. The tubes were 
vortexed and poured into 100 mm plastic Petri dishes which contained 30 ml of typticase soy agar (catalog 
75 no. 11043. 8BL Microbiology Systems, BD. MD). The agarose was allowed to solidify and then overlayed 
with 3-4 ml of trypticase soy/agarose. After incubation for 18 hour at 37* C. the CPU's were enumerated by 
couriting colonies.' Percentage survival was calculated by dividing the CPU's in each test sample mixture by 
' ■ 'the CPU's in the negiative contrdr mixtures. . *. . - . 

Figure '29a' shows that' 4Ke- reduction in CFU*s (decreased survival) occurred only in the presence of 
20 neutrophils, complerrierit and specific antibody (40 ug/ml in this assay)rThese data indicate that^^these 
antibodies, like other IgM antibodies, require complement to me^^ ^ i * ;j 

Figure 2gb shows titrations of the rIgM antibody (16/28) versus parigM (489) In the opsonophagocytic 
assay. Equal concentrations of these two purified antibodies resulted In approximately equivalent levels of 
opsonisation, * \'- " _y - 

25 

'•' ^ d. In Vivo Protection Studies (Hg.^SO)^' ' . . • ^ ,^ . ,:;.,:>-^ .. . - . ' , ^> .j 

A neohafel rat"m"odel w&'^used for therapeutic -protection stlidles using the rIgM produced according to 
50 this invention. Three to four day old outbred Sprague-Dawley (BK:SD) rat- pups (housed %ith their dams), 
were injected intraperitoneally with 40 ul of antibody 4 hours after intraperitoneal challenge with 40 ul of 
either Strain A (Type 1c Capsule Type) or Strain B (Type III Capsule Type) GBS. 

To prepare the bacteria. Todd Hewitt broth (supplemented with '20 rriM sodium, ptiosphate) cultW tubes 
vyere inoculated from overnight stationary phase cultures. At logarithmic growth phase, the tubes were 
35- centrifuged 'at'22-* C,^ 4550 x 'g for ^10 miri.,''- washed ohceKwi(h^25-ml*'broth,»^ahd' ires^ same to 

-^appropfiatei'DDss^oXF^^^ each^oxpenmeritl^^tfie^chal^ dbs^*:^was quantitated by^ plating dil^^^ the 
"|''bfeteria"'6n-'tiVpitcase'^ Cuitiire"' purity-was confirmed by 'plating-on blood 'agar:^ Challenge 

' doles' consisted of 400-600 colony f of mirig units per Tat^(1 0-50 LD50*s depending oh the* challenge strain). 
Raf li ttePs ' were '^prescreehecl" f oi* sensitivity ^ to- infection 4o* ehsu re unif oriti'^susceptibility -to - irif ectioh? Two 
40 pijps^frdnh e^^^ were injected 'with' 500 CPUs 'fef 4h'e"xhali^nge' strain one day prior to-' Initiating the 

protection experiment. Eighteen hours later, the pups were scored 'for survival and dirily ' ttiose litters* with 
group' B Streptococcal sensit^e 'p^ were used in %e' subsequent '^^^^ litter was divided Into all 

treatment groups to eliminate litter tbiitter variation.- The l^ups' were exaimined twice daily for symptoms and 
scored for sup/ival over -5 baysT '-All 'experiments Included an Irrelevant human > mbnoclbhai antibody 'as a 
45 negativb cbritroll " ' - ■ " ' • ' '' ' * " * * • ' ' •* 

These GBS therapeutic pro'tectibn studies are 'preserited" in Tables 1 and '2 -of Fijgure'^ SOf' The 
significance of the protection - was • calculated 'using'' the Rsher exact - test^ (B. Rosner. Fundahri'ehtals Of 
BiostatisticsV Duxbury Press 1982). Antibody 16/2B (rig M)' demonstrated consistent protection against Group 
B, Streptococci xlinical isplaUes of high virulence in- this neoriatal Vat model system. Matched doses of 
16/28' and the parental' antibody 48^9 provided apprdidmateily equivalent protection (data riot shown). 

, - : • ' . ; ^ . ■ • , ■ - : . - . , 

" • ' EXAMPLE VI : 

55 " : - " \ ■ ; \; ' ■ ■;; ' ' ■ . *^ 

PRODUCTION OP ANTIBODIES BY 9D1 V GENE TRANSPECTOMAS 



so 
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This Example demonstrates a method for the production of human monoclonal antibody In mouse cells 
which uses the constructs containing the 9D1 variable region genes, Vh and Vl, described in Example I 
herein. The antibody expressed by the 9D1 cell line was of the lgG2 subclass and the novel antibody was 
re-expressed in mouse cells as an IgGz- The novel antibody possessed functional activity directed against 
5 the Pseudomonas aeruginosa genus Rsher serotypes 3 and 7, similar to that of the parent antibody 
secreted by the 9D1 cell line. 



A. Transfectlon into Mouse Cells 

10 ■ 

Transformed bacteria containing PN72-D2H or PN72-OIH were grown overnight in LB broth containing 
100 ug/ml ampiciliin and 0.5% glucose. Plasmid ONA was prepared by the alkaline lysis method arid was 
further purified on two CsCI gradients. One hundred micrograms of plasmid DNA from sample pN-y2-D2H 
was digested to completion. with BamH I, then ethanol precipitated and resuspended to i ug/ui in sterile TE 
75 for transfection. Sample pN-y2-DlH vyas not linearized prior, to. transfection. One hundred micrograms of 
.plasmid DNA from sample 'pQX-02e was llnearl^^^ with Sal I, sample pGx-D2h with Eco Rl. and sample 
. pGX-Or with Pyu .l./arid then ethanol precipitated and Vesuspended In sterile TE to 1 wg/JiL Plasmid ONA 
prepared* as described Ubove. was transfecteS Into * Aga653* cells by electroporatlon as^ described In 
Exaniple' ll. .section" A. ''Two heavy chain , clones and three lambda light 'chain clones, two of which 
20 represented,. the same allele (pGX-D2e and pQX-D2h), were tfansfected in the various combinations as 
,;;follows:^^ * . , - ^v-.- ^ 

{i) pN72-bl H heavy chain (10 ug) + pQx-D2e llg^^^ . - ^ 

.. (2) pNTr2-D;1.H heavy chain (10 ug) + p 
(3)'pN-y2-D1H heavy, bhain (10 ug) t pQX:bl light chain (10 Ug); 
25 (4) pN-y;2-D2H heavyi chain (10 ixg) +;pGX-p2e light chalri (ICf ug); ; 

, (5).pN72-D2H,hea^^ ' . ' 

. V. ' ,(6).pN72-D2H heavy chain (10 ulq) + p.GX-dl light chain (10 ug). / ' ' 



30 . .. . : ; *....' [ '\ . * 

B. Cell Culture. , . .. 

, Cell culture was identical to that described in. Example II. section B. Fourteen to twenty-one days after 
plating In 24-well dishes, the.. cultures were assayed for the presence of hurnan gamma heavy chain, as 
35 described in ExamjDle li, section Ol and human larhbda tight chain', as described below. The h^^ of 
wells positive for human gamma heavy chain out of the total number tested for the '^Bbve-enumerated 
combinations were as follows: 1) 18 out of 48; 2) 9 out of 48; 3) 0 out of 48; 4) 0 out of 24; 5) 0 out of 24; 
and 6) 0 out of 24. 

Cultures positive for human gamma heavy chain were screened for human lambda light chain In an 
40 ELISA assay. The assay was identical to that described for the human gamma heavy chain, except that the 
peroxidase conjugate was a goat anti-human lambda specific antibody at a dilution of 1 :7.500. 

.-.^Cultures .positive for both .fiuman gamma heavy chain and .human lambda light chain were cloned by 
limiting dilution, as described W Example II, section^B. -buantitatioh of the 'antibdd from..l5 'day spent 
cultures of four different clones yielded IgG concentration ranging from 45 to 60 u.g/ml. The parental 
4S lymphoblastoid cell line (901) secreted IgG at a concentration of 1 ug/ml. 



C. Detectioh .of Functional Activity 

t * ....... ' . . ■ . . ^ .J 

50 .... 

1 . Antigen Binding Activity 

Supernatants .positive for both human garnma heavy chain and human lambda' light chain were 
screened for the presence of antl-P. aeruginosa activity using the ELISA technique described in Example II, 
55 section p, ' except that .the plates were coated with viable P. aeruginosa br^anisriis of the F3 immunotype. 
All supematants positive ..for human. IgG ^bopnd to tlie P.aeruglnosa plates but* not; coritrof plates without 
bacteria.. ^ ' . . ' . ' 

Antibodies produced by the cloned transfectoma ceir lines were further characterized as described in 
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Example 11. section D, except that the nitrocellulose discs were spotted with 65 different isolates of P. 
aeruginosa. The immunoglobulin molecules produced by the transfectoma reacted identically to the parental 
antibody produced by the 9D1 cell tine with respect to all isolates tested. 

5 . . . . ' 

2. Opsonophagocytic Assay _i . . 

Functional activity of the transfectoma antibody was further examined in an in vitro opsonophagocytosis 
assay which compared the bactericidal activity of the antibody with its parental counterpart in the presence 
10 and absence of both human neutrophils and human complement. ' . J. * V ; 

Bacteria were prepared by Inoculating 10 ml of tryptlcaso soy broth with 50 ul of an overnight broth 
culture of P. aeruginosa, lATS serotypes 5 and 11. The cultures were Incubated at 37* C on a shaker for 3 
hours, l.sTnl was centrifuged for 3 minutes at 10,000 x g. and the pellet resuspended in 1.5 ml of Hank's 
. balanced salt solution containing 0.1% gelatin'and 5 mM HEPES (HBSS/Gel). This bacterial suspension was 
75 diluted in HBSS/Gel to yield ai concentration of approximately 1 x 10^ CFU/ml. Human neutirophils were 
isolated according to van Furth and vari ZwetV Handbook of Experimental Immunology , Vol. 2, O. M, Weir. 
(ei)v 2nd *edltioh.. BIackwel! Scientific Publications. Oxford, pages 36.1-36.24 (1973) with several modifica- 
tions/ Twenty-five ml of heparinized blood, was ^layered over 15 ml of Lymphocyte Separation Medium 
(Utton Bionetics). and centrifuged. The pellet was washed brice in PBS and resuspended in three volumes 
20 of dextran. After a 20 'miriiite mcubation at 37' C to allow the RBCs to sediment, the' neutrbiDhil-rich 
supernatant was removed, washed twice in 4*C PBS, once in HBSS/Gel. and suspended in HBSS/Gel to 5 
X 10^ neutrophils/ml. For a source of complement serum from the same donor as had supplied' neutrophils 
was adsorbed four times with bacteria corresppncling to tHe organisms lised in the assay, * 

For the bactericidal assay, 50 ' ul' of transfectoma or parental antibody (diluted In ''HBSS/GeO or 
25 appropriate control antibody and 100 u\ of the bacterial suspension were added to sterile 1. '5 ml mlcrofuge 
tubes and incubated at room temperature for 30 minutes. This was followed by the addition of 50 ul each of 
the neutrophil preparation and adsorbed seVum.' a^^ To' assess the contribution of 

complement to the bactericidal activity of ' the 'antitbodies,' in some assays the adsorbed serum was heat 
inactivated at 56 *C for 30 minutes. Fifty microliters of HBSS/Gel were substituted in assays where no 
30 neutrophils were added. After adding all assay components, the tubes were rotated end-over-end In a mixer 
for one hour at 37* C. To assess the extent of killing, 10 ul were removed and plated on TSA plates ^usirig 
standard pour-plate techniques. After incubating the plates overnight at 37*C, the colonies ■were.'counted. 

All assays were performed in duplicate. ^ , . . • 

. Iri each experiment, the parental LCL 9D1 ^intibody had specific the fATS '5 strain in the 

35 bacterial destruction assay. The lgQ2 transfectonia form of the parental antibody displayed' conriparable 
. opsonophagocytic activity in the. assay . . * \ ' ' ' .' " ..' 

.. .. . , EXAMPLE VII 



PRODUCTION OF Huis/IAN ANTIBODiES WJTH HEAVY AND UGHT CHAINS OF DIFFmENT ANTIGENIC 
. , SPECIFICITY ■ 

<5 . _ . , , ^ 

This Example demonstrates the production' of human monoclonal antibodies in mouse cells using the 
constructs containing the 4B9 variable region heavy chain gene. Vh, described in Example I, and the 9D1 
variable region light chain gene, Vl, described in Example 1. The Example makes use of a. transfectoma 

so derived from Example II which expresses the y2 heavy chain of 4B9 and no detectable light chain. The 
novel immunoglobulin molecule expressed by the transfectoma possessed antigen binding activity against 
both Group B Streptococcus and Pseudomonas aeruginosa . - - ' * " . : 

Transformed, bacteria containing pGX-D2e.were grown overnight in LB brpth containing 100 ug/ml 
:ampicillin and 0.5% glucose. One hundred micVograms/of Riasmid DN/\ were linearized with Sari, ethanol 

55 precipitated and resuspended In'^ steriie. TE to 1 'tig/ul. 'Plasnncd DNA prepared as desci;lbed above was 
transfected by.eiectrbporation as described Jn Example III into a 'transfectoma producing only heavy chains 
of Uie 4B9 specificity, described in -Example 1 1. The dominant selectable marker utilized was the neomycin 
resistance .expression vector pN.1 described in Example 1. The following combination was performed: pN.1 
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(1 iig) + pGX-D2e (10 ug). 

Cell culture was identical to that described in Example II. section B with the following exceptions. Viable 
cells were suspended in RPMI 1640/20% PCS (containing 0.25 mg/ml G418 (Gibco)) at a density of 1 x 10^ 
cells/ml. The cell suspension was plated into 24-well tissue culture dishes (Costar), 1 ml/per well. The cells 

5 were fed selective medium every^4 to 5 days. Fourteen to twenty-one days after the transfected cells were 
plated Into 24^well dishes, the cultures were assayed for the presence 'of human gamma heavy chain and 
human lambda light chain, as described in Example II. section C and Example VI. Cultures positive for 
human gamrna heavy chain and iambda light chain were expanded to tissue culture flasks 'In order to 
deterrinine levels of Immunoglobulin' production and antigen binding activity.'-' ' ' " \ 

10 Supernatants positive for both human gamma heavy chain and hunrian lambda - light chain Were 
screened for the presence of antibody activlti^ against both Group B Streptococcus and P. aeruginosa in the 
nitrocellulose disc assay described in Example II, section D. The immunoglobulin molecules produced by 
the transfectoma bound strongly to the Group B Streptococcus Isolates and weakly to the P. aeruginosa 
isolates. 

16 From the foregoing, it will be appreciated that methods of the jpresent invention are capable of providing 
recombinant human immunoglobulin molecules which specifically bind to antigenic targets bound by 
monoclonal antibodies produced by 'the , donor ceil lines. Moreover; the recombinant compositions of the 
invention possess effector functions which ' may have import^^ in vitro and/or in vivo.- such as 

opsonophagocytosis. This allows therapeutic compositions to be more economically and easily developed 

20 against a variety of human diseases: in addition, the recomfcjinant human Immunoglobulin compositions find 
uses in diagnosis, including immunoassays and other well known procedures.- ' ... • . 

Transfectomas prepared by the processes described herein and producing novel recombinant anti- 
bodies of thiis invehtibn are exemplified'^by "cultures deposited in the American Type Culture Collection, 
Rockvllle. Maryland. One culture was deposited on August 30. 1988 and was there identified as: CEP 16/28, 

25 ATOC No.' CRL 9806; and a second culture was deposited on September 14, 1988 and waSs' identified as: 
' CEP 24G-9G4; ATCC No. CRL'9824. ' - ^ . . . = a • • 

Although the present Invention has been described in some detail by 'way of Illustration and example for 
purposes of clarity of understanding,- it "will be appiarent that certain changes and modifications may be 
practiced within the scope of the appended claims. * ' . l. - Mr-. • , n.» 

Claims ■ . ; • ' I • . ^ 

1. A method for producing a recombinant hiJman ' immunoglobulin In 'a eiicaryotic host cell,* which 

as' • method' comprisesr' ■ " V. , ' " - . - " ' *. 

transfecting into said eucaryotic cell oper'ably jinked fi^^^^ and second genes, wherein the fii'St gene codes 
for the cohst^ht' region of* a human' Heavy -cKain and 'the second gene' 'codes -for the variable* region of a 
'^tnimah heavy chain: ' ^'^ v-H. v .;b^in r- -i:n -:o.^^-..r;n. :a •. ;r>^ 

' 'transfecting Into^sald cell -opeVably^ linked genes coQIng for tfie' variable and constant' regions of a human 
-A'- lightbhainrand ' * :• ->i^c>ar : i;^-" j^:: ri v.: -- t r,^ : • . . , - 

culturing said transfected cell and recovering'thefefrom said immuhoglbbulin, ' • ' ' • . • ' ^ • 

2. The method of claim 1, wherein the genes coding for the constant and variable regions of the human 
' heavy chain or of the huriiah light chain are cloned frorh the same ordifferent donor cells; or 

wherein the gene coding for the variable region of the human heavy chain and the gene coding for the 
45 variable region of the human light chain are cloned from the same or cliffei^ent donor cells, or • ' 

wherein the gene coding for the 'constant region of 'the' human heavy chain and the gene coding for the 
constant region of the human light chain are cloned f ' ' 

" 3. The method of'clairii 1, wherein the recombinant human immunoglobulin is a single heavy-light chain 
pair functionally associated within* said transfected host ce^^ » ?: . \ - • 

50 wherein the recombinant human immunoglobulin is a tetramer or aggregates thereof, or 

wherein the recombinant human immuribglobulin produced by said transfected host cell culture Is substan- 
tially free of othe? hum an proteins. ' ' ' • \ , . • . 

4- The method of claim 1. wherein the transfected host cell is mammalian, such as human or murine, 
preferably -a 'lynrijahocyte which ' preferablvr is of a 8-cell lineage,- preferably selected from the group 
55 consistihg'of a iymphobiastoid cell; a*B-cellI and a ' * • * 

5. The method of claim 1. wherein said first gene codes for a constant region of a human heavy chain 
• selected from the group consistirig of u. 7I , y2;' y3: -y4, 'a1 . a2, 5, and e. = 
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6. The method of claim 1 , wherein the genes coding for the human heavy chain constant and variable 
regions are operabiy linked in an expression vector, or wherein the genes coding for the human heavy 
chain and the genes coding for the human light chain are transfected simultaneously or sequentially into the 
host cell. ' . .... 
5 7. The method of claim 1 , wherein the human light chain is a kappa chain, or a lambda chain. 

,8. A rnethod for switching the class of a human immunoglobulin from a first class to a second class, 
comprising: - r v - . ; 

(a) transfecting into a eucaryotiC: host ceH a. gene .coding for, the heavy chain, variable region of said 
Immunoglobulin, wherein the gene, is operabiy linked to ^ a gene which codes for. a heavy chain constant 
10 ^region of said second class; » . . ^ . , - 

^(b) transfecting into the host cell a gene coding for the light chain variable region of said 
imrriunoglobulin; wherein the light chain variable region gene is operabiy linked to a gene coding for a light 
chain constant region; and .. 

(c) cultivating said transfected host under culturing conditions and recovering a hunnian im- 

rs munogiobulin having the characteristics of said second class... 

9. The method of claim 8, wherein .said first class is IgM and said second cl^^^ 

10. The method of claim 9. wherein the genes coding for .the^hiiman heavy, chain .variable and constant 
regions are operabiy, linked in an expression vector. , . • 

20 11. The method of claim 8, wherein the genes coding for the human heavy chain and human Jight chain 
are transfected simultaneously or sequentially into, the host cell. • ^ 

12; A recqmlpinant human immunoglobulin.;^ . . ^ . . . 

... 13. The recombinant human immunoglobulin of.claim I2j^^vherein the Jm'munoglobulin comprises a 
single heavy-light chain pair, or , ^ 

25 -wherein the immunoglobulin comprises .a tetramer- or. aggregates^.thereoif, or wherein the .variable and 
constant regions of the heavy or light chain of said immunoglobulin are coded for by genes cloned from the 
same or different donor cells. or^ . i , J- ; , r- ,^ u . r. - > . * ^ii • 

wherein the variable regions of the hejayy and light chains of said Jmmunogjobulin are .coded fb^ by ^ genes 
cloned from the same or different donor cells, or - r : . , ^ h. . . . i, ' 

00 wherein the constant reglpns of said heavy and light chains are coded for by genes cloned from the same 
or different donor cells. 

14. An Fab, F(ab')2 or Fv fragment of the recombinant immunoglobulin of claim 12. ,\' : 

15. A recombinant human immunoglobulin comprising the variable region of the 4B9 monoclonal 
antibody and a constant region selected from the group consisting pf IgQI., lgG2 and.JgM; . , . . 

35 the recombinant human immunoglobulin produced by a transfectoma having the identifying .characteristics 
.of ATCC No. CRL;9806:or ATCC No. CRL 9824,as deposited jwith the ATCC;.or ,^ „ * ' . " ' 
: a recombinant human .[mmunoglpbulln comprising tiie variable, regjpn. of ^the 9p,l monoclonal antibody. . 

16. A recombinant human immuhoglobulln molecule produced by the process of, culturing, a ,eucaryotic 
---host^ceil line transfected with {a);a DNA sequence coding for.,a; human, heavy chaln,,^and/or (b) ,a^DNA 

40 sequence coding for a human light chain, wherein said cell line is capable of expressing.. said transfected 
ONA sequences, and preferably^iS:a plasnnacytoma^prpducing^^ light..chain, or a human;. 

- chain.-vv . ,.- . . p^.t:- -^-vrv' : . 

17. A DNA;. construct for expression of .a, recombinant human immunoglobulin.: heavy or light chain, 
comprising:^—. , ■ ^ .. - i:-;/ i*^ ' - • 

45 a first DNA sequence coding for a human .variable region, polypeptide of one of. said chains; and : ...^ . 
a second . DN A sequence coding for a constant region polypeptide, jwheVein the second . DNA sequence is 
joined directly or through an intron in reading franie atJts s' end^to the 3':end of ,sajd first DNA sequence. 

18. A DNA, . construct • according , to jCla'm .17 liayin^ and translatipnal initiation and 
termination regulatory sequences recognized by. a.mammalian'host,jnrregulatory; r0lationship with said first 

50 and second DNA sequences. . . - . • -..y • , t- . ... •.. .. - ' ■ 

,.19. A' eucaryotIc cell. line producing • a recombinant human Immunoglobulin, molecule.- preferably 
containing DNA constructs for expression of recombinant human Immunoglobulintmolecules, said DNA 
constructs, comprising:^ / ■ \ ' . v. k- -.T'i. . .. n.- ^ ; : - 

a first DNA constnjct ^comprising a DNA^ sequence coding ..for a human heavy chain variable region 
55 polypeptide operabiy linked to a DNA; ^sequence; coding ; for j a human -heavy,, chain constant ..region 
. , polypeptide;- v . „• h . < . r - j- - • . - 

a second DNA construct comprising a DNA sequence coding, for a^human light chain,, variable., region 
polypeptide operabiy linked to a DNA sequence coding for a human light chain constant region polypeptide: 



48- 



EP 0 314 161 A1 



and each of said first and second ONA constructs containing transcriptional and translational regulatory 
Initiation and termination sequences functional in said eucaryotic cell line and in regulatory relationship with 
said first and second DNA constructs. 

.20. A DNA construct coding for the expression of a human immunoglobulin light chain fDolypeptide in a 
s eucaryotic cell, wherein said construct contains a murine or human heavy chain transcriptional enhancer 
sequence. , , ^ > ; * . . 

21. A method for expressing DNA sequences coding for a mammalian immunoglobulin light chain 
polypeptide, preferably a lambda chain in a mammalian cell, wheriein said mammalian cell is transfected 
with a ONA construct coding for said immunoglobulin polypeptide,! comprising: <; ^ 

10 inserting in said DNA construct a DNA sequence coding for a functional region of a murine^ or human heavy 
chain transcriptional enhancer, ' , ' ' ' 

22. A DNA construct for expressing an immunoglobulin polypeptide, in particular a light or heavy chain 
polypeptide in a mammalian cell, .wherein said construct contains a cytomegalovirus sequence from the 
upstream region of the major immediate -eariy genes of cytomegalovirus. 

75 23. The DNA construct of claim 22, wherein the cytomegalovirus sequence is a transcriptional enriancer 
sequence, preferably selected from the group consisting of a, sequence .for the enhancer- of human 
cytomegalovirus,. simian cytomegalovirus, and murine cytomegalovirus or a promoter sequence -preferably 
selected from* the group consisting of a sequence for the promoter of human cytomegalovirus, simian 
cytornegalovirus; and murine cytom^alovirus. ' " \ .\\ ^. 

20 24. A DNA construct' according to\claim 23. additionally containing a DNA sequence coding for a 
cytonriegalovlrus pronnoter sequence, preferably j - . " 1 

selected from the group consisting of a sequence for the promoter 'of human cytomegalovirus, simian 
cytomegalovirus, and murine cytomegalovirus. -j^* 

25. A method for expressing DNA sequences coding for immunoglobulin polypeptides in a mammalian 
25 cell, wherein said mammalian 'cell fs transfected with a DNA construct coding, for said immunoglobulin 

polypeptide, comprising: ^ l , * ; 

inserting in said DNA construct a DNA sequence from the upstream region of the immediate early genes of 
cytomegalovirus coding ^for: a' transcnptionalJ enhancer, preferably selected" froW thVgroup consisting of a 
sequence for ther,;'enhancer of -humahiJ cytomegaldvirus. simian . ^cytomegalovirus., and murine 
30 cytomegalovirus^.i ^'«<»,: : ^i'r ^ /' y '-^^ *J*v \. r c -^^Nv ; 

26. The method according to claim 25, wherein the DNA sequence for the transcriptlohalenhancer Is 
inserted in said DNA construct between sequences coding for the' r^arranged" variable region and the 
constant region. * >^ , , . . t ' 

27. A pharmaceutically , acceptable composition useful in treating oi:;;preventin^;bac^^ in 
as humans, comprising .a vredorfibinant human immunoglobulin molecule and a phja/maceutically acceptable 

exclpient ^^^^-^- ^ ' ' 
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